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ABSTRACT • ' / • 

• This manual for supervisors of rehabilitation 

\ workshops or plants focuses on knowledge, te&hnigties, and application 
of work siaplificatidn and production standards. Four' chapters • 
providing intrdductory material discuss* common 'goals of 
■* rehabilitation and production, and ^uman factors. The first of seven . 
chapters (chapter 5) on tf6rk simplification defines it, *feighs :f 
advantages/disadvantages, and discusses implementation. • Two chapters 
^'focus on making and using flpw diagrams and proces's charts. Other 
topic^ discussed (chapters include use of an operation chart or 

operaticfns process. chart, principles of motion economy, workshop , 
, efficiency, antii laying out a work place or production »line.' The 
^section on production standards^ contains b^asic information and more . 
advanced materials. Chapters 1<; and 1 3 define work melisurement aad 
outline a quick>-«ethod to sat a productioa ^standard. Chapters 14, 15, . 
and 17 provide materills for more precise determination of productioa 
■ standards — time study, work rating, and allowances in setting • . . 
performance standards. Chapters 16 and 16, on predetermined rtime • 
systems and the learning .curve, are intended for .t^ose who estimate 
or set producti^^ standards pf estia?.ting production outputs* for 
pacing, bidding, or production .scheduling purposes. (Most material is 
in outline format. Forms, examples^ and exercises are provided.) 



-in — Rfeproducfions supplied' by EDRS arc the b es^V-^b^^-can be ij'als* ' : * 
♦ from the original document. - * 



A MANUAL ON 



PRODUCTION improvement' 
in a 

REHABILITATION WORKSHOP^ 



REPRINT* NO. 17 



James Caddick 
Associate 



■ 1 



M * OC^AHTMCMT OF HEALTH. . 
EDUCATION ft WELFARE ^ 
. HATIOHAL INSTITUTE OF ^■ 
EDUCATION 

THIS DOCUMENT HAS BEEN k^.^G" 
OUC^ EXACTLY AS REtEiyED PROM 
THE piRSOf^OR OROANi^ATJON ORtftlN'' 
ATINO »T POINTS OF VIEW OR OPINIONS 
STATED DO NOT NBCESSARiLY REfJRE' 
SENCOFPICIAL NATIONAL I NSTi TUTE OF^ 
EDUCATION POSITION OR POLICY 



VPERMISSJON TO REPRODUCE THIS 
MAXERWI. HAS BBEti GRANTEli q? 



Raf\abi1 itation Administration 



University of San Francisco - College of Business Administration » 
: , . 2130. Fiilton Street ' - ' . " 

^ ; San-Francisco, California 94117 i 

* • 1979 . 



. ADDITIONAL COPIES .OF THIS PUBUCAT'iON y 
.,MAY BE PURCHASED FROM MDC FOR $2. 50 PER COPY 



. ■ . * ■ ■ 

TABLE OF CONTENTS 
. . . * . ' Page 

Introduction ^ - % ^^ 

.>. * . ♦ ' - 4 

1. How can you use this manual?;. . . . • • • • • v • ^ 

2. What are the common goals of rehabilitation / • 

and production? . ..... . . . . . *. . • • • • • • • • • • • • * ^ ^ 

Human Factors ' ' ' . 

~ ' " ■ '■ \ 

3. - Are the attitudes of people toward change important? . 

3A. Cafi the natural rel uctance to accept and 
_ adopt changes overcome? ................. .5 

4. How can a questioning attitude be developed? 6 



Work $4mpl if i cation , • • 

5. What is work simplification? 7 



5A. What are the advantages and disadvantage's 

of work simplification? 7 

5B. Where can work simplification be applied • o 

in a workshop? .v,. . 8 

5C. What steps do you take to simplify work? .... . • • • • 

■ 50. Whs^t are' the tools and techniques of . ; • 

work^simplification? ...*........'.. .10 

^ ■■•> . * ' ■ ' . * 

6. How can you make and use a flovy diagram? ..... . . ...... 12 

6A. What material handling methods sTiould ■ ^ - 

you con^der in a flow diagram? . ... . . ... . .-.17^ 

^B. How can you use a flow diagram to improve ' ' n 

■ plant layout? . • *• • •. • • • • • • '^^^ 

Tr, How c^n you make and use a process chart? 25 

y • • ■ ' ' 

« 7A. , How can you ^udy the making^of a product 
■ ' - • with a materials process chart? . 28 

7B.* How can a man process chart help you- 
' . study a job? . . . . . 31 

8. How do you. use an operation chart of an operations 

process chart? . . • • • 40 



ERJC ' . / • . • ; 3 



9,:. What aW the principles of ni|)tio.n economy? ...".*.... ^. ... • 



10. Why should workshops be effitielit? 



lOA. Why is'lh.e method 



of doing a job Important: 



" - lOB. How- can you impro\|e a job after describing 

. it on a process chart ;0r' operation chart? . . 

IOC. yow e^D you select the- best work- method? . . 

How can you lay out work place or production line? . . 



49 
50 

51 
56 
58 



• 4 «> • 



/68 



68 



11. 

Production Standards " • " 

12. What is work miasurement? ........ 

12A. How' do you measure work?' . . 

13. What is a quick way. to set a j)roduction standard? . . • • . • . - 7/) 
\%. What are the principles of time study? . . . 

^14A.* How do you use a stop watch? 

15*. What is work rating? '. . V . . . . 

15A. How c'an you practice work rating? 



.' 15B. How can ypu relate actual time to 
normal time? ....... . . 



16. 



What should be considered when using predetermined 
time systems? . . . . . . .« • • 



17. ' What allowances should be considered, in setting 



performance . standards? 

17A. ifow much time should be given for allowances? 

f ' ' . • 
17B. How can you relate normal time to stlftdard 



time? 



17C. How can 'ya)u calculate standard hours? 

7170. How can ypu calculate expected output per hour? 



y^u 



18.' What factor shcnjld be considered for the learning curve? 



79 

81 - 
86 
8$ 



95 

96 

97 
97 



4 



98 
99 
100 
102 



4 



J' 



Introduction * , 

Jhls manual has been prepared for you to use in your workshop. It wtlT 
try to help you: 

# 

1. . Learn more about two important arpas of industrial engineering—work 

simplification and production standards, » 

2. Se^ how to apply this knowledge to pirobl ems- found in most, workshops, 
,and 

3. Find ways to i^rove your own workshop. 

You may be a leadman, lead-workefr, or crew leader; a work supervisor or ^ 
foreman; a department or section supervisor; a ^production or workshop supervisor; 
an operations manager or plant manager^ Or you may be th» workshop director, 
executive director or general manager. No matter what your jot), you have some 
responsibility to establish ways io which work shall be done^ So this manual " 
is for you--the person who selects and cont- rols how o ther-peQp4-e-do-4;ti&44^worl< 

• It doesn't matter»how many peopl.e look , to you for leadership ^ • The knowl- 
edge and techniques of work Simp! if i cation and* production standards are the same. 
Of course, tHe higher your ranf in your organization, the greater your opportunity 
to- set the stqge and. encourage--6ven rfequire— good pra^ctices in work simplification 
and production standards. 

Even if you supervise only 1;wo or three others, you can see that their work 
is done in the right way. In fact, as a- first line supervisor,- you will often have 
the best opporjtunity to demonstrate that the, techniques of york simplification 

really -do workv * . % 

■ . • • ■ <♦ • ■ 

In some places in this manual, you will notice that facts or ideas are num- 
bered and lisfted in- outline form. This is intended to make it easy for you to 
get the main points quickly. Sut this calls for a few words of caution. Remem- 
ber, in normal reading you skip over some words sRid phrases to get to the author's 
ideas. In outlines, however, extra~^ords which give flavor are eliminated; only, 
the cor? points remain. .So you should. read the outlines sTowly, carefully— per- 
haps twice or even three times. Thnnk of How these ideas relate to ideas or facts 
you already> know. You will thus supply th^ reaUmeaning to enrich the frame pro- 
vided by the outline. «- ' . 

. As you read this manuals notice that a question appears at' the begtnning of 
each section. We all tend to leann bettar when we are seeking answers to questions 
Each of these questions is asked in the hope that you wilT say to yourself, "I • 
want to know...." When you came to* the beginning of this section, for example, 
you might have s'aid to yourself, "i v/ant to know the ans\^r; how do I use this 
manual?" 5tJ on each page you will' fkid materials— facts , ideas, coficepts— whiqh 
answer the^question asked at- theitoeg^nning of ,that section. 
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2. WHAT ARE TyE COMMON GOALS OF REHABILIT-ATION AND RRODUCTION? 

- ■ * ■ ■ -* « 

The title o1» this manual, "Prodyction Improveiiient in a Rehabilitation * ♦ 
Workshop," might imply that to improve production in such 'workshop, special , 
techniques are needed. That's not ^o. If you study the elements busine'ss | 
♦fi.rtds essential for succiss, you will find that the same elements are needed! 
for a workshop t6 succeedfin its job of rehabilitat<ing people for work. .* ' 
..... ^ 
Aside from the element of Juck, both the successful, b.usiness and the 
successful workshop need: . ' •• ^ * . - * 

C ■ ■ , ■ ^ . r 

.1. Mature leadership— a^boss who is stable and grown-up emotionally.^ 

2. A clear sense of direction— for if you don't know whdre you are go'ing,. 
any road will do. . _ , , 

.3. Adequate financing--insufficienifcapilJ&l is .m^ly responsible for the 
fact that 80% of all new businesses disappear w'ithin five years. 

\ ■ I ■ 

4. Intelligent, constructive supervision— foremen who know and understand* 
the human factor.^ * , 



5. A modern, well-equipped physical plant--w6rking conditions anfd tools 
shoultj contribute to the production process, not hinder it. 

6. A businesslike work atmosphere— real work can be done neither in a grim, 
dungeon nor a country club. • • • * 

7. Good work methods— use of the "better ^ay" in material handling, job 
layout, and taborsavirig jigs and fixtures. 1 

8. Performance standards— time standards for production wbrkers, and 

satisfactory performance measures for clertcal workers and staff. , 
* ■ ' ■ ■ . ■„ ■ ' 

9. Adequate records--of production, payrol 1 , expenses, sales, income 
and personliel , ■• * , 

10. Real communication--betwee*n workers, staff and administration. 

11. L(a^erstanding of the market--inywhich the company's products are soTd. 

I Although there are bSsiness' firfffe wTiich lack some TDf these elements and 
still appear to operate profitat/ly, their chance for long-term survival is 
« substantially lowered if enough of the eleven key. elements are missing. " - ^ 

It is hard to find any element in this-iist which a rehabilitation workr- - 
shop can do without. ^ .. ' . 

Because good work methods and perfohna-nce standards are frequently ne-' 
glected in works^jops, they are the focus of* our attention 'in this manual. But ' 
here are some additional reasons/'why these subjects belong in any. training • 
program for workshop persont*iel : 

1.. Development of work methods through work silmpl if i cation is often a 
means of evaluating or helping the client in his workshop* experience. 

2. Work'sirRplification is specific, concrete and demonstrable. 

■ ' . . , ■'. ' 

3. Work simpl-ificatipn is "more easily cSntrol led than some of the other 
elements pVeviously listed. . 

^ t . ■ ..... ■ ^ ^ . 
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♦ .V ' " ■ • ■ ■ ■ # . t ■ * 

; * . • 4. Becauise rt uses'^^an analytidl approach, work simplification caitlead 
to Ijiiprov&nBnts in jjther areas of "workshop function. ^ x \. 

5... Intarest in work sIniRlificatloh.must be renpwed periodically even by 
those who have b^d formal training or expefieoce- in it. 

-r; 6. /Fair production standards can lie established .only after good work • 
. . ' v ■ / (oethods h^ve ;been seT^^^^^ ,^ 



. \ 
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'3> ARE Tk- ATmifDES' OF PEOPLE TOWARD CHANGE 'IMPORTANT: 



. Befpre we 1p(5k'''at a person's attitude toward change; we should look at 
what Ijihe oif^di nary work^^ job. . _ . ' 

'.1.. OPPpRTUNiTY »to *be doing something jjseful from Im point of view. 

2.*' RECOGNITION of self worthy and of.hli accomplishments.' " ' 

* . 3. &EE{JNGING'or the feeling that he is a part of a group with wh'ich 11e_ 
•identifies. - 

*■ 4. SECURITY, or the- ability to plan ahead with confidence so far as job • . 
retention, financial obligation', etc., are 'concerned'. 

•■ : '■ ■ V. ■ ■, ■ . •■ ■. 

/What a wo^rfcer does in his job does not always, give him.what he wants from 
the job. But.he/do'es try to gain as much opportunity, recognition, be,longing, 
and security as^he'can-. Hence,, whenever changes are suggested, h;s usual reaction 
is to ask: what will I gain, what will I lose from this v He will look with sus- 
picion on most new ideas. To counter this normal and natural resistance to 
change, the worker must be he 1 pied to feel he viTI gain soifiething, or will avoi'd 
losing some-thing.\ . * ' ' •' ' 

Resistance to Change may be a symptom of: ^ ' . 

1. Resentment of criticism--whether or not criticism was intended 
or implied, -y. • . . • . 

2. Fear of'the unk»own--a threat toS^curity of job, income, status,^: 

3. Ego in vd.lvement with' present or old methods. 

4. Natural persistence of established habits'. > ^. • 

5. A concealed attack on a super\;isbr who is not accepted. ^ 

Problems which might .be encountered from workers when me^ods are changed 
include: ' ' . * ' ; * 

1. Slowdowns, slow to learn new ways " , 

■ ^ , * * ' ■ . ■ 

2. Won't use n^w methods * , . 

3. " Sabotage of hew method , : '< ■ 

4. Gomplaimte th«fc*hew jnethad is tiring ' " * 
5.. Complaii^ that thej? will have to work harder • ; 

6. Increases in other grievances ' * • , ^- 

7. Comments that new methods will work people out of "their .jobs ' 
. 8. Comments that rates will be cut . ^ 

Reasons for the problems whiph may arise when methods are changed:^ 
' f. Fear of the unknown * 

2. Fear of losing jobs^ • • 

3. Distrust of manaqem&nt 

.''4. Fail-ure -to" understand Avhat work simplificafion rea.lly i-s " 

5. Lack of information about new method - 

6. A feeling. that the new methods ma-ke them less important . • 



A person's attitude toward the changes you suggest will, 'more than any ' ; 
other factor* determine whethei^ or not they are accepted and adopte'd. Securing 
a favorable attVtude from your workers or your boss is as important as the worth 
or value of the \change itself. A poor attitude can render the best idea for 
change wrthlessi. A good attitude toward change, howeVer^, can utilize almost 
any idea and produce improvements in exces^f the original value of "the idea. 

3A. CAN THE NATUR^RELuCTANCE TO, ACGEf T AND ADOPT CHANGES BE OVERCOME? 

Ways to overcome jsrobl ems and gain employee aisfe(itance of new methods:'- / 

1. Give infoma'tion * , , - ' . 

"■Why methsd is being used . ' 

How i t wil 1 work " . * 



When it will go into effect 
Who will be affected , • 

Where will it be put into e ffect 
What i s to""tre~dTffh'ge^~ ~*~ . 



,2. Get pajLticipation . . ' " 

in planning stage and testing stage 

Solicit suggestions ' . 

Provide time for questions * 

3. Provide training in the use of the new metho.ds ' . ^ 

4. Use tact:: 

Keeping peopl^ informed and treating opportunities for them to become 
involved in finding and selecting changes which affect. their work will vfr-* 
tually assure that ypur improvements will be accepted.- » 

* . . • ■ . , 

You will also find tha-t the^ employees who report to you have many idej($ 
which can lead to beneficial chaTiges. - 

The secret in both cases is to recogn-ize that the word "your" is three- 
fourths "our." An employee can take a very ^d4m vie^ of "your" changes, but he 
has much at stake .and will work hard far them when^hey are "our" changes. 

^ . • 

' To make. effective use of work, s^implification, you need si/pervisors who: 

'^ ■-»* 

1. Get satisfaction from innovating 

2. Gain the invo.lvement and interest of their workmen 

3. Will teach and demonstrate . . .* 

4. Will follow-up to.be sure changes are understood,' , 



• * ' • . 

.4. HOW CAN A QUEStlpNING ATTITUDE BE DEVELOPED? 

%ople who' are successful in using either a common sense or the formal 
systematic approach to woric' simplification have characteristic' ways of thinMng 

. . ■ . • ■ 

state of mind required included: . 

1. Belief that there is always a better way to do a job . \ 

2. KfewTedge that the '"one-best-way" 1s never achieved " , 

3. Realization that the theory and techniques of work simplification 
-can be applied to almost any job or process • ' 

4. Possession of the valuable tools of curiosity, questioning, and ■ 
imagination' 

5. Attitude thajt nothing is sacred about the present methods being used 
When_j^ojLMve_a 



work simplification. "Critical" as, used here is. a constant looking for ways 
things can be done ^differently; I not the destructive* fault-findii^ kind 
associated with criticism. * • 

^ As Kipling said: ■ . j • 

"I keep six honest, serving men; * . 
They taught me al^ I kne,w. 
. Their .names are what, ar^d why and when^ 

And' how and where and who." 

_i — ' ■ - I* - — =— 

Of Kipling's inquiring men, "Mr. Why" usually does the best 'arfd most . 
productive questioning. . 




5. WHAT 'IS WORK SIMPLIFICATION? • - • ^ ' 

^ * • • . ■ 

The definition of work simplification is the organized application of 
common sense by everyone to eliminate waste of any kind— of time, energy, 
materials, space, or equipment. * 

. / ■ "• ' 

You don't have to be an engineer or .expert to know, that a workman taking 
12 steps to get material, is wasting both time and energy if the material could 
be located closer. » , , - 

■ * ' . ■ • * . - • ■ . . . ■ 

.But work simplification has been developed as a tool of production. It is 

a system of finding better ways to do work and of putting the better ways into 
,ef^ct. .■ . ^ - ^ , 

Work simplification can- be used in all types of.. work problems.^ It is • 
equally suited to the production Jine of the workshop; the wafehotrSe; the office 
or even in our horned in the kitchen, laundry, bathroom or dressing room. It 
can be very simple or extremely cornplex. 



In summary, work simplification seeks to: 



Key Word 



•>•••■. 

1. Reduce the effort required —easier v ' 
^ , of workers ' ■ , '* • 

2. Improve productivity —quicker - 
.3. Eliminate waste ^ —cheaper- 

The principles of work simplification include: 

1. Productive activities are* stressed. Non-productive' activities should 
be el imina ted. or reduced to a minimum. . . 

2. ; J\ srnaoth flow of activity should be laid out from operation'" to 
'1;>peration in a process, or a balanced pattern. arranged for an operator 

ait a work ,place. 

3- .Ac^tivity should be as simple as possible— avoid the Rube Goldburg way. 

4/. B^articipatiOn o^ the people involved can be best secured by: 

la. Prepare' their understanding of work simplification in advance 

{ b. Give them sufficient "know how", to apply it to their work 

c. Stimulate their interest, initiative, and imagination by showing 
and dramatizing results. S^ich participation should lead to j 
enthusiastic -cooperation " ' 

5A./ WHAT ARE THE AQVANTAGES AND DISADVANTAGES OF WORK SIMPLIFICATION? ^ 

Advantages ^ 
To employees: >• • 

.1. Safer work ^ • 

2. Less fatiguing work. ' 

3. Less boring work. * ' . • 

4. Improved morale *' . * ■ , ' 

5. (Often) higher wages due to increased productivity 



I^^workshop.:.* ' . . 

1. Reduction of waste and 'costs- 

2. Increased productivity 
-* 3. Improved qiffflity of products manufactured . • 

4. Improved customer service 

5. Development 6f a climate which is 'more re'ceptive to change 

6. Assists development of an analytical approach to problems 

7. Eliminates bottlenecks . ^ ' " 

8. A systeinatic and orderly approach wi Ijii- yield, better results than . , 

a haphazard or inspirational approach 
9: Yields up-lo-date competitive work methods 

10. . Improves rehabilitation results through better and more employable 
work skills of clients . 

To supervisors: , , » 

P 1. Your job :becomes easier as ^the morale of your geople impy^oves 
2. You h ave better relati ons w ith yo ur people . 



x 3. Standardization of methods gives you mdVe time to' deal with the 

human problems on the job *" ' 
4.. .You get persfonal satisfaction from leading an effective team • 

5. - You have pride- in a, job well done 

6. It adds interest,and challenge to youi*work 

7. It helps make your job more secure . ' 

Disadvantages • ^ • 

You must guard against: , . 

1. -Stirrirjg up problems which can't be solved due tQjjBjortage of 

work, M)ney, etc. ^ ^ 

2. Calling on already overburdened supervisors 

3. Proposing changes which will not reduce costs enougb to repay the 

expense of the study and change-over ' • - 
. 4. Creating problems with incentive pay -systems which would have to 
be changed 

5B. WHERE CAN WORK SIMPLIFICATION BE APPLIED IN A WORKSHOP? ""v 



Work simplification can.be started iminy of the following places. They 
are listed in the usual order of attenl^ioji: . ^ 

1. Layout*? The locations of raw materials, work station, and finished 
products in the plant. ' 



2-. Material Handling:. Distances and equipment.^ 

3. Sequence: Tlje order in which the steps or operations are, performed. 

4. Wbrk. Methods: How the employee does his job,.- manner of performing 
the operation. 

5. Layout:' The locations of materials, tools, equipment, and jigs in the 
work stations. 



I 
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6. ; Equipment: Osed in production. • ' ^ '■'^ • 

7. * Product'.Design: The pf<)^sical properties o^f the product: speci- 

ftcations, /tolerances, appearance, and functional, use- ' •" 
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8. Materials: Used in the product ahdas supfilied to facilitate its 
production. " , - ' - ' 

■ /First Tine supervisor's or ifofremen have their greatest opportunity.. to 
infl uence' the wjork ine,thpjds< and- sequence of .work opera ti'ons of the, workers^ 
over whom, they- have c6ia.t)^l . . / ' . * ! 



•'Workshop direptors pr managers should first lodfis to- the layout-and material 
hand.l'ing'.factors. Then supervisors should be trained who will carry out work 
siiimlaficaiibn' in titeir owrt aireas of responsibiWty. - - 

% . . • ^ ■ ■ * . 

• -. » • • , • ^ . . . 

. Equipment ^changes s'hiSuld be more f.*;equently examined. The use pfJlabor ^. . 
saving machinery" in -workshops for the handicapped is sometimes, cipposedf by those* 
who. thtnk* they ar,e doing' the cliehts a favof. .Nothing could be furtheA from the - 
truth: Antiquated,' ir^efficient tools in a skilled workman's hands 4s -siifficient ' 
) handicap him. When handicapped clients are *forced to use obsolete 



in itself to handicap him. When handicapped 
equipment, they are burdened with double handicap-- their own and the one • 
.imposed by the maphinery (or lack of it). " * vig^^, * 



..Productidesign and the selection of materials is gerierally up to the 
customer for contract shops. However, suggestions- a workshop can rn^ke based . ' 
oti its experience with similar products which saves the customer's, moii^ey can - 
result in a very favorable' relationship*. • . 

In. shops where- prime manufacturing is cai^ied on, design and. use of the^ost 
__sijital]Ll:e^[)l?iten al . is extremely import ant, st nce material costs are two .to four 
times grea^ter than direct labor costs on the average. . ; 

5C. WHAT STEPS DO YDU TijKE TO SIMPLIFY WORK? ' " . ' 

1. Select' the job to be improved.- Jobs wh'ich: 

a; Are bottlenecks . , ; 

b't Involve Urge amoun,ts of labor— gi^her in ohjs chuhk or a 

repetitive basis */ 
c. Require ai. lot of wal king . . 

• • d. Have a lirge proportion of "make ready" and- "pjit-away'*" 
* 'e. Have workers with considerable amounts of idle time, idle equipment 

2. Apply the elimination approach ^ , « • 

a. . Identify the overall reason or purpose or intent XDf the jbb. 

Question: Is it ^iH needed? 

b. Are there any alternatnves'? ^ . 

c. Is' there any dupli cat! OT? 

3. .Study the job in detail . ♦ ^ - 

. . a; 'Use flow diagrams, process charts, or operation charts as appropriate 




4. Question each step of the job . . 

a. Why is each "do" operation necessary? . . »: , . , 

, . b. Why are other steps heeessa^? / ' - ' 

. ' .. . c. What is beingrdohe--could *it be eliminated,, done in some other 

■ ■ ' d. Whe<pe is it done— why here, could it be done at another plac^? 

e. ^ When is it being done— why now. could, it be done at another time? 

f. Who does'*it--why this person,. who else' could*dD it? • 

■ • g. How is- it being done-fw,hy this way* what otiier" ways coulcf it ^ 
y \ be done? • 

.5. Develop alternate proposals for improved methods 

' ■ •■ ■ • ■ .•,'"»■■'. 

. a. What questions lead to elimination^, especially of moves and 

storages ' ^ * . ; 

. b. Where , When and ^Who questions lead to- cbmbihinq and rearranging ] 

How qCiestions l^d to imprpving 

6. Select .the best proposal . 

a. It )% ifiiportant to have.several thought-out proposals 

b. Reject those which $re 'not feasible ' • , 

c. Compare the remaining in terms of: 

1) operating cost Ghang*es— labor and overhead 

2) installati^on costs • " 

'3) other changes affecting: qual ity, personnel safety, 

production capacity * 

7. Sell the selected proposal to liiariagement and, the workers , ' . 

8. Put the improvement fn to effect^ 

^ (^g^;{^ 5:ack to . S&6 thflt the . chdnyt^ are b vjiti g used a n d a re p ro ducing 

the. expected results 

' ' '■ . . . ■ • 

,5D'. WI;!AT AR£;THE TOOLS AND TECHNIQUES OF WORK SIMPLIFICATION? . . . 

* ■ ■ , 

Work. Simplification Forms . , / \ - • 

It is important to recognize the function of the forms and- (Charts which 
•are used in work ^simplification. They are not essential fn making work simpli- 
fication improvements. In fact, if you have been in the habit of continuously 
.intproving work operations iri your workshop* you have undoubtedly been using some 
»t)f the ideas of work simplification without the special i2e.d charts and forms. 
Thi5 is not to say that these devices are of no use. Quite the contrary, they 
have been found over years of use to be of great value in gathering and Visu- ' 
alizing information about the way wor*k is being performed in many industrial 
production and office situatiojfis. They are tools which must be used to fashion- 

ctianges. They are not,, in 'themselves, the. end product. . ' . ' 

" ^ " ' % - ■ ■ ' 

i We shall concentrate 'on two of the most useful of these forms:. 

1. The'Flow Diagram \ * 

-. 2. Jhe Procegis Chart C?^ . - , 

■■■ fi ■ . . 

" In addition, three other forms are used> in more advanced work simplification. 
Although they will not be explained in detail, nor Iised in training sessions with 



1. Explain a present work method 

2. Improve a present work method 

3. Plan a new process 



■this*manual , xo'J 5^°"^^ ^"^ ^^^""^ They-^are: \, ♦ 

- iS. The Activity Chart J|some times called a 'man-machine chart, a multiple 
.. ' activity (crew) chart,. etc.) which -Shows how long each-is working or 
is" idle. 4 ' ■ \ ' • * 

•4.. Operation thart: (sometimes called a left hand - right hand chart, an 
. MTM chart, etc.) ' ^ ; 

' 5. ' Operations Proces:s "CWart which shows wha't operations are perfbrme(J, the 
order , in vihich they are performed, and the points at which Atiaterials • . • 
. -r] are added. , > i ' 

Principles 'or Motion Economy • ^ . ..... 

• ■ ■ ■ • ' ■' * 

Knowledge" of tbe human body's ability to perform work, is called: ' 

> y 

6. Principles of Motion Econ'omy » ' , . 

Personal Skills *,. . ' ' * • . 

Techniques which are Supplied by you, the supervisor, include: 

1. "Observation 

2. Questioning ' | '' * 

3. Analysis • ; r ,f . • 

4. Innovation . 

5. Selection 

6. Testing _ . 

It should be remembered that the use tif these tftols and techniques should 
be limited to an activity or work operation which is important enough so that . 
even a slight reduction in time required .for its completion will be a worthwhile 

""Bgnefll Lo Uie wurkbinjp. — : — — ■ . — : ^ 

». . ■ ■ . ■ • - 

They are used to: ' ' '-^ •. 



6. .HOW CAN YOU MAKE AND -USE A FLOW DIAGRAM? 



The flow diagram .should be the. first device used in analyzing , 'the pver- 
^ all performance of a job,, a department, or .a section within a workshop;" of* of 

the entire workshop^. It is literally a road map, which traces the flow of ; ' 

mate^ials or movements of persons .tn the prpducti on process. ' Using it helps 
] \ to pinpoint: - ■ ' 

l\ Long'moves betw,een operations. . ^ ' ' ^ . * 

2. Small volume items, or low production ♦work 'areas locffted. on the most 
. ' ^ direct line-of- flow. * . ' . ,* • » 

. . .3. Backtracking. " * ' " * • ♦ 

4. . Large volume items or high production work areas on long. r;outes 

\ .* or through out-ofrthe-way coirfiers. ^ 

5. StoV^age areas which interfere with material flow 1 

Material handling and the travel of people pt*edoniinate the flow 'diagram 
considerations. * " 



The flow diagram is a sketch of the work area, preferable to scale. It 
shows the p^ith taken and the distances travelled by the materials 'or person 
being studied. " . ' 

^ * . . ■ 

It may be a simple ^sketch or a more (letailed drawing like* the ones, which 
follow on the n|xt /three pages. . • , * 
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Present . / FLOW DIAGRAM 

Improved . • 



frovid 



FLGW DIAGRAM 



Date_ 



Subject- U^sV^^f-^^rfr^T^ /^^A^.^j, 




r 



Present 
Improved 

pate ^ 



Method 



FLO^ DIAGRAM 



Subject ^ 

Ch^rt \ of 




V. Make a flow diagram of your morning routine of bathing 

^* ^and dressing involving your bedroom," b^throqro and related clothes 
i . closets, etc., or make a flow diagram of activities in setting 
. the table for a meal in your home or of the* preparation of a 
meal in your kitchen,/ ' 
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WHAT MATERIAL' HANQLIW6 -M£T^^^5ULD YOU CONSIDER IN A FLOW DIAGRAM? 

Hand Systems _ . ■ .'^ ^^^^^ '■ " ■ * ' 

a. ,Trote bixes: 'Available as^irrugated boxes a;t low cost for light 
, ' parts or as metal or wooden boxes. . . . 

\. b. Barrel- dolly: A frame with casters for use jjnder a steel ok fitwr^ 
/-ft ■ barrel .* « :3 ' 

, c. Two ..wheel hand truck: , For fast moving of stacks of cartons,- boxes, 
or barrels..- * ~~ j , ^ 

d. ' -Four 'wheel platform truckr For moving larger quantities of caj^jtons 

or .stacl^a"ble Items whicTi are put on and removed. by hand. ' 

e. Four wheeled, box-l.ik'e canvas trucks, also made of plywood 'or metal : 
For.moving Ibose, bulk material .which needs a container with sides. 
Filling is easier than emptying. ' 

* f . . Pallet dpTTies: A frame with rollers which will hold a loaded pallet 

but can be Easily )3ushed and moved short distances hand. 

• . ■ • 

g. Pallet jacks: 'A .wheeled device, to lift' pallets or skids a few inches 
- off the floor so they can be moved by hand. 

Industrial' Truck Systems^ 

a. i Electric fork lifts: To raise and stack pallets or skids, Avail-^ 

able in models to be. pushed around by hand, powered movement with 
operator walking, or full riding models. Requires higher initial 
cost but ha^ lower operating cost. Clean and quiet operating.' 

• b. Bottled gas fork lifts: To stacif and move pjallets or skids; Cleaner 

operating than gasoline trucks. *' f 

c. Gas^ine fork lifts: To stack and move paliets or skids. Also 
^ ■ ■ ---available to griV rourfd-or. squarefmaterials e]i|mjnati•l^-^he-^?)eed— — 

for pajllets. / - . . ' I^-^v'. 

GraVlty Conveyor Systems , - ' ' '. * • 

/ a. Roller conveyors: For irregularly shaped materials. " • 

b. Skate wheel conveyors:- For cartons or smooth bottomed items. ■ Also 
can be used with flat, reusable boards on which material^ a^e stacked 

. c'. Slides: Smooth' metal chutes. ' 
' df. Spiral chutes: . For vertical del ivery without u%ing much space, f 
Powered Conveyor Systems • • 

a. Roller and skate wheel conveyors coriibined with a driven belt: ' 
■ PehTiits movement along a. level surface. 

b- Belt conveyors: Fo/^movin^n a level surface or >for up a slope. 

c. Moving chaih. in floor or overhead: To^Which parts or" parts can 
be attached^to pull them around a fixed pathwaj^^ ^, 

Stqrage Systems 

h. Pa4vlets: Low wooden platform usually made of 2x4's sandwiched in 
• • 1" lumber or ^p.l;^wood so fork lift tcucks can move or stack it. 



/ • - - ^- . ♦ . . ■ • • ■ • ^ 

b. Skids: Low wooden platform made of 2)c4's or 2x6's with a top deck. 
, ^ of 1" lumber or plywood >so either fork lift trucks or pallet 

* jacks cat move it, ' • 

' c. Pallet ttoards: Sheets of hardboacd, plywood, or corrugated paper 
' board which-are inter^ersed between layers of caVtons stacljed on 

- the floor or on-pallets or skids to add stability to the stack. 
Also used on top of a pallet stack to' evenly distribute the weight 

- of another pallet load-which is pl.aced on top. 

d. Shelves -or pallet racks': i^pipe -and plywood wi th. spec ia'^ clamps . 
• , . which allow it ^o'lje 'easily changed^ or moved without loss 'of 

..^ material Sr~of slotted, angle iron ancl pJj/wood providing easy con- 

■ structlon and adjustment of shelf spacing. * ' • 

■ ■ ■ " ■ . • > 

6b', how can you USE^A ^JIOW D'IAGRAM TO -IMPROVE PLANT LAYOUT? ■ V ■ ^ 



Good layout requires: ' • 

"Plating the proper equi pment 
,In the rf^ht place ^ 

To permit processing the item by the best method 
■ "Through" the shortest possible distance • 

In the* shortest pos§;ible time > ^ 
Danger 'signals of poor layout: 

L. Congestion of materials or in 'process assemblies 

2.^ Excessive work in process 

.3. Long transportation " 

4. Production bottlenecks ■ 



b. txcesVive matelrTal handling by skilled operators , . ■ 

v6. Long production- cycles ^ 

7, Idle equipment, ' ^ .• 

Types of layouts:, ^ . * ^ 

1. Fixed position: Material stays in one place, . tools, macbtn&ry, and 
f men. are 'brought to it. i 

/ 2. - Process:' All operations -of the^^me type are grouped together; 

3. Produdt: Mathinery and work stations arranged In a sequence as needed 

, for the processing or assembly of a product. 

■ . ■ . ■ ■ ■ ■ /■ 

Considerations in layout design: 

1. Weight and volume of mateiqial, to be handled. , . 

* ■ ■. 

2. (Storage' requirements': Warehouse, at'work stations surge, piles. 
Number of different handlings and available^jpethods. , 
Sequence and distances of material flow. * . . 



Necessary ^isle width to accommodate material handling equipment, pallets 
hand, trucks, etc. * ; , 




6,. Access for sampling an.d inspection. 



. . . ^ i 
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7. Visual stpfe'rvisory controK 

8. Locations of rest rooms, db*hking\ater, lunch rooms,- etc: 

9. Locations of utilities, rompr^ed air.^ lighting , heating, ventilating, 
air-conditioning,, etc. ' .••*^"»,^^^^?^.,, ' 

10. Relationships, to sijppOrting ser^<?1ci^'s5^|1riten'a^^^^ timelceeping, • _* 
(^-;s;.hipping and receiving, etc. ' ^ "^^.^ » " 

11. - Adaptabi 1 i ty and /f 1 exi l^i I'i ty to changes^* e)f Ins'wjns . 

■ ■ - ' ^if ' \ * • * * , ■ 

12. Future igrowth needs. \ .>*t^ — • * . 

13. ^tost Of changes.. * - ^ . 



Layojut .problems occur- when a subcontract >)or manufac|uring' process is to be 
analyzed so floor space can be assigned in bot^_,the war jhoj^se . or storage area 
and on the production floor. ^ \ '^"'^ 




The factors to be considered include the: 
. 1. materials which are involved 
2.. mach.iViery to be used 

3. work operations to be performed 

4. quantity of output required in total and 'amount expected from 
each worker .. ! • . 

5. methods of material handling to be used k . 
^ 6. production schedule 'to be. followed j 

Data on materials must be provided for the: ' 'i / 

^ , '■\^\ 



^ b. semi^fiijished or, finished component wl^fch goe? to' make up a final 

product )in* later assembly, or manufacturing / * 

c. 'surge pile of materials, semi -finishej^ component oi: finished 

r ^ product at each viork station | * . . 

d. finished p'roduct ^ ' * t 

FpV each of the above forms of material^the foil owing -information myst be** 
supplied: * ^ - * • * " ^ 

.1. cubic sizei of the standard sized container, , usual package, . .or 
; ^dividual piece ' \ 

2. weight of tha standard container, etc. • . ' 

3. number of units of material or product in the standard container, etc. 

4. total number of units of material or .product required or produced 
for the job ' . . * 

. 5. method of stacking or storing including pallet size, if applicable 

6. maximum height to stack or number of standard containers per square 
foot of floor space * . ' . , • 

Data og machinery fnust iricl ude for each piece involved: - 
a. its name or description 



J. 



.* 



b. ; the floor spaee required for it_ , " , 

V c. tlie additional floor space required for materials which may 
■ ^ ' extend beyond it while in operation 

d. the floor space required by the.operator fpr safe operation of 

' the machine " \ . .. 

' * ■. * 

- Data on work operations must include th^f names or description of each opera- . 

tion to: " ' 

a. perform processing operations . 'v - 

b. perform inspections . . ' . : 
/ >c. package and packrthe product in preparation for shipping or delivery 

For each of the above operations the ajpiint of required floor space must be 
noted unless already covered, under mach1 ri^ry.^ . - 

Data on 'the qua<ntity of output must include the following dalt for. each work 
operation listed above: ... N 

, - * 

a. hourly or daily production schedule which will meet the required 
. • delivery date, 

b. expected output frbm a non-handicapped workeV in competitive 
industry, and ' ; - 

* ■ * . . 

C. the estimated productivity of each client to be assigned to the / 
job for the work operation he will perform, or 

d. the expected actual output of the clients assigned to the job 
for the work operation they will perform 



7 
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: — —A" variety uf iiid1:ey1aT h'andl 1ng metTiogs are suggested in Section 6A. 

^ The production schedule establishes the estimated start and completion- dates 
for each. work operation. So far as possible, it permits each\work operation to 
continue uninterrupted until the entire job i^ finished. 

Information and forms related to a gob of wrapping and {/ackaging candles are 
shown on the n^xt few pages.. What material handling methods would you use and 
how mudh warehouse and production floor space. wil 1 , be required? Assume that all 
the materials for the job are received at the same time. Also, that the finished 
proditet will be shipped or delivered to the customer in from one to three lots, 
depending on the workshop's preference. ) ' * 
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Job No. Item'No. 

Custome r E/:,^/if/^A/ \ Za^c. . * ^ . 0. No.*, 



mathriaI handling requiremsnts 



Quantit y X^^^^ ^"-^^^^ 

unit 



Contact 



5 tart ^7 Finish. '^/^ 
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Q 




Unit 




£/9 



"' 'Mate^ 
Name/bjeal^to 
^rriye lO^f Ship 



customer 



Phone 



-^standard Padk 
Units I i^eight 
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Dimensions 
LxWxH 



No. of 

Std 
Packs 



S 



Hqw 
Store 



workshop 



Stack 

High 

Low 



Floor 
Space 
Req'd 



How 
Move 



So 



1 / 



PRODUGTION ORDER 



Job No> : y/f Item No. 



Item Name ' Oj^A^^s/ZfrS 



Quantit y /^,cco, ^ 



Custome r 6^1 ^/^^^A/ 



?. 0. No. 



Contact 



unqit 



Start y/7 



Finish 



cus tomer* 



brkshop 



Phone, 



schedule actual 
Descriptio n yg*' ^^^^^ 



schedule actual 



Defects (hy operation no.) ■■ ; • ■ ' ' ^ . . "' ' ' - 
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7. HOW CAN YOU MAKE * AND USE A PROCESS CHART? 

The process chart is the .most widely used work simplification form. It is" 
prepared after the flow diagram has determined the material handling pattern' 
•and work station locations. The process phart's wide usage is a result of its' 
.ability to describe the* work of a person on his job (man process thart) , the 
changes in an item as it goes through manufacturing (material process ci;iart), 
or the processing of a piece of paper or a form through a clerical routine 
(form process chart), to mention a few. " - ' * . 

■■■■ • . » ' •. • • ■ . 

Symbols and definitions h|ive been developed for use on process charts. 

These include: . '""^ « 

©A "doing" operation : when an object is'changed physically. or chemically, 
or is jasserabled'or disassembled. 

A'"ni^e. ready" or' "put- away" operation : when an object is arranged.or 
prepared for another operation, inspection, storjige, or transportation/ 

A transportation : when an object is moved except when the move is a 
part of an operation or is made by .a worker at his work station^ 

Ah* inspection: wfien an object is examined for identification or checked 
for quality or quahtity. 

A delay ; when conditions do not pe^it or require immediate. performance 
of the next opera tipn or inspection or storage., f . 

A storage : wheh ah object is kept and protected against unauthorized 
removal . - * 



o 
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The steps in the preparation of a process chart includes: 

1* Identify the area or problem. which is to be studied. 

f ■■ 

2. Choose the subject to be followed: a person, a material, a product, or 
a form. ' \j 

3. Determine and describe the starting a'wJ stopping point in the manufactur- 
ing or processing process. 

4. Write a brief description of each step--avoid the use of "and" to keep 
from combining two steps. Use action verbs in each phrase. 

5.. Assign a symbol to, each step. 

6. Record the time taken and distance t>^avelled. if applicable. • 

7. Record the quantity produced, if applicable. * , 

8. Note where problems exist and jot down brief idea^ for improvements".' 

9. Summarize the operations, moves, inspectionsi storages, and delays, 
i 10. Consult with employees befot^e preparing the final chart. * 

The Fiiovi^ THE FLOW PROCESS CHART AND HOW TO USE IT, may be.rented fQr $9.00 
for threeoays from the Audiovisual Center, the University "of Iowa, Iowa City, 
Iowa, 52240. . 

It is anVrmy training film showing the steps in inaking flow process charts 
for present and improved operations. The last part of the film shows an animated 
Private Wilbur Brown who uses process charts to analyze and speed up his shaving 
so he qan, overcome being late for inspection. • 



^' A material process fchart on tKe packaging, of instant cofffee as depicted in 
the flow diagram in Section 6 is shown on the next page, . ^ • 

The fcJll owing questions seem appropriate when. the flow diagram and- process . 
chart are examined: ' . 

1.. Could the 'bag opening be elirpinated.as a separate operation and be done ^ 

as a part of the packaging operation^ < \ 

. ■ » ' .-^ ' 

• ,2. Why is the bag openring (step 3) so far from the bag storage and packaging 

area? . . 

• • . ■ ' -» ■ 

. 3. Should, the sealed cartons be stored closer to the shipping ay^ea to elimi- 
^ nate the backtrackijfiq to the door to the aisle? 

4. Could an opening be -made in the wall near the sealed carton storage to 
allow the easy movement of sealed cartons toward the shipping area? 
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7A. HOW CAN YOU STUDY THE MAKING OF ^ PRODUCT WITH A MATERIALS PROCESS CHART? 



. Jhe movie. COFFEE PACKAGING^ may Be rented for $3.00 per showing from the 
University of San Francisco, Rehabilitation Workshop Administration, 2130 Fulton 
Street, San Francisco, California 94117. It is an 8mm silent film which shows 
an actual packaging operation of insta/it coffee' in a workshop which serves ^ ■ ^ ^: 
large numbenSf clients who have -suffered* strokes and have good use of P3,ly one 
arm or leg. The job requires that 4 ozs. of the coffee is sealed in a foil lined . 
paper bag. Allowed weight-tolerance is plu^s about -3-4 grams, minus no^grams. 
Twenty-four packages are packed: in the shipping carton. Two tSensities of coffee 
are packaged: one weighing $0 pounds per bag and the other 55 pounds per bag. 
Whe^n in bulk, the. coffee can be packed or loose,' affecting its' density cons^iderably. 



1 COtffiC 



\After. v.iewing several sequences of the mevie on cbifee packaging, j/ou should 
niakeAa materials process chart for th& jo!^. This chart should, be limited to each 
operation, transportation, inspection and delay through which the coffee goes until 
it isVin" its final form. Use* the tsjank chart on page 29 for your chart. The 
point W origin on the chart will be the storage of the bulk bags of coffee eight 
■feet f\om the table, even though this is not shown in the film. Hence, the first 
two .linVs on the material s^process dhart will be: - 



1. In bulk bags 



8' 



2. Bag mOved to packag^ing table 



Note thkt the descriptions are" written as though you, the wri ter,„are the coffee 
and you are^escrtbing what happens to you. • Other" materials" such as^"the fott- - 
lined bag and the corrugated shipping ar& treated as though the^ are the coffee* 
too, as 'the coffee is put in them. • ^ ' 

'\ * ■ ^ " ■ 

Now, go on\and compTete the chart ending with: 



V 



In carton ready for shipping 



When you have fiffishofd the chart, compare it with the completed chart that 
follows^ Do not expect them to agree exactly, but be Sijre you have hot omitted 
any imt)ortant steps 

You /are wrong if wou have included any steps on your. chart which describe 
things done by one of\the men but not involving the coffeg. 



If 



As an example., theVempty cup moved by the weigher back to the dipper is 
necessary but is not doige to the coffee. Remember, the material process chart 
should only describe whaV happens to the coffee. 

Count the number of operations, transportations, inspections, delays, and 
storages. Record them in\the si^m^iary box at the bottom of the^orm. 
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7B.' HOW'CAN A MAN PROCESS. CHART HELP. YOU-STUDY' A JOBtv 

Now you can look at the same, COFFEE PACKAGING film again to make a^n 
process chart for the ^ame job. This time you will concentrate on each'major 
action of the men on the jobl All the men can be shown on the ..same chart, in 
order as their actions occur. If the indi.vidual tasks were of greater impor- 
tance or requ-ired more time to complete, a separate qhart could be made for 
efach man. « v ^ • • 

The point 'of origin wiill be the opened bag of bulk coffee, and the end point 
the sealed carton (of 24 envelopes)' in storage. 

The steps on this man process chart will only describe those things which 
the men do. This is in contrast with the material process chart which covered , . 
what happened to the coffee. . 

When you have completed your chart, compare it with the ones on pages 35, "^S, 
37, 38, and 39. V The chart on pages 35 and 36" shows less detail than Jhe one on 
pages 3/, 38, and 39-. Both are correct. Your chart should have, at least as much 
♦ detail as on the first chart and no inore detail than the second one ifo be use- 
/ f ul as t» process chart. Greater detail would make it like the work .sWlii^i cation 
tool called an operation chart. 
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8. HOW DO- YOU US& AN OPERATION CHART OR. AN OPERATIONS PROCESS CHART? , 

'Operation charts Include the left hand - right hand chart and the MTM 
analysis chart. . Since these conce^ntrate on each movement of the man in per- 
forming his job? they should be tfe last work simplification tool used to'study^ 
and improve a job. 

* 

A flsw diagram may eliminate part of the job. ..Study of ^process dharts rtiay 
result in reassignment. of tasks; Only when these studies are complete and the 
fin«l jobs well defined is it worthwhile £o make a <le tailed analysis on the 
operation charts. • 

An operation chart is found on the next page. It shows a sequence of seal- 
ing the carton of 24 packages of instant coffee as shbwn in the film d^scr.ibed 
in Section 7A. Thq^ reparation of process charts requires more training than 
can Se'provided here. The sample is included to. show that when a job is 
important enough ahd will run long enough to justjfy the expenses, very thorough 
techniques of work simplification are ''avail able to analyze an'd improve it. - 

A blank MTM analysis chart is found ir\ this section. ^ 

* ♦ • 

The "Operations process chart has a name like the above forms, but it is quite 
different. It is used to gather information about a chain of operations^cul- 
minatiog in a product. It shows^ a good overall vieV o^f: 

1. What operations are performed 

.2, The order irl which, they a re performed 

*a*x^The points at which materials are added ' 

Elsewhere .in this section is an operations process chart for the coffee 
packaging as first described in Section 6. 
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I^SaT are 'the principles of motion Eg)NOFIY? y ■ C 

■ Extensive research* has shown that' the foTTov^ing principles of motion 
economy are applicable to all work movement: , 



x 



— -in-the general work' place: - 

♦ li eliminate unnecessary and disturbing noises and distractions 

2. materials and supplies should be delivered to the work place 
quickly and -automatically, often by gravity , . ^ 

3. materials and supplies should be ^easily and automatically removed . 
from thjliwork pl'ace £ ' . 

> X ■ . • .... 

In the individuat work place:; ^ • 

* 4. correct inadequate lighting - 

5. eliminate hazards . 

6. u.se paint colors to reduce eye strain and to mark tools and 
equipment for ready i^ijentifi cation 

'7. reduce large scale motipns 

8. use tools and equipment 'designed to reduce human effort 

"9^ arrange work to permit an easy and natural rhythm /" . ^ 

Using the simplest, smallest motions which make it possible to perform 
the work satisfactorily: V ^ , 

10., gravity, feed bins and containers should be used to deliver materials 
« . ' ' close to the point of use ' 

11. a chair o^he type and hetght to permit'a good posture should be 
provitied. Arrange so worker can alternately sit and stand 

. 12. two 6r more tools should be combined, if'fjossible 

13. motions are ranked from easiest (finger motions only) to tiardest . 
(body motions) - 

14. sliding materials rather than lifting and carrying them 

15. momentum should be employed to assist the worker. It should.be 
reduced to a minimum if it must be overcome by muscular effort, 

'-> ^' Arrange tools, equipment, materials, and machine controls so motion 
■ paths to them are within the rang'e of the shortest movements of thie 
arms. 

16. perform work within reach of the hands with the elbows held close 
to the body 

' 17. the hands should, be relieved of all work that can be done more 

advantageously by a. jig. fixture, or a foot„operated device » 

' Using han'd and arm motions in a fixed, rhythmical sequence: ' % 
16. tools and materials are arranged to match the sequence of work steps 
19. tools and materials are pre-positioned ^ 



ERIC 




20. the two. hands should begin a# well as complete their motions at the 
same tjme .. / 

21. movements follow a con,tinuo^s, curved path than zigzag or straight 
. line motions invoTv<ng,_,sudden aj|d,sharp changes in dit^-'ection 

w22. alternate lead hand oi' hand usaa to hold tool "* . 

23. the two halids should not be id^le at the same time except during 
rest periods J ' • 



24. motions should apply powierjor force at the best time with the least 
effort 



25. ballistic. movements are faster, easier, and more accurate than 
.restricted (fixation) or "controlled" movements 

26. movements of the hands d^d a rm^ ' should be in opposite and symmetrical 
directions and should be made simultaneously^ 

27. hands should not be used for holding material on which ar> operation 
is being performed ' ^ 

28. rhythm is essential to the smooth and automatic performance of an 
operation " > 

Hence, motion economy is a way of working that requires the least effort and^ 
strain in accompl ishing'a job. It includes ways and meai^s of obtaining the 
highest output for the least input. 

Measurements of the human body and the related r^^ distances which are 
useful in designing and constructing equipment and work place layouts are shown 
on the following, pages. / , V 

The movie, MOTION STUDY PRINCIPLES, may be rented for $11. 00. per showing 
from th^niversity of California, Extension Media Center, 2223 Fulton. Berkeley, 
CA, 94720. (Catalog #4263) ^ . ' 

It shows the progressive improvements made in the assembly of a bolt, lock 
washer, flat washer and rubber "washer by using eleven principles of motion economy 
as developed by Ralph M. Barnei, Other applications of these principles are shown 
on several other hand assembly items. 
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10. WHY SHOULD WORKSHOPS BE EFFICIENT? * 

Tlie tremendous-product i 00 capacity of the United States has come from the 
efficiency "with which its resources are used. This has qenerated the world's 
highest.standard of living. Business is never ceasing in the attempts to improve 
the productivity of its operations. WorlcshiDps must strive" for the same improve-- 
ments or they will fail to provide a refal^stfc work -etwirofliiient for their clients. 

Workshop people often have to explain that a rehabilitation program in a 
wdrkshofi will likely be operated at a financial lo?s. That is, income frorh 
the sale of workshop products, and income from subcontracts will be less than the 
cost of making the products and doing the con-tract work. There g re goad reasons 
for this loss... The handicapped clients require more learn^ing time, supervision, 
space and equipment, ^rid administrative overhead than .will a. smaller group of- 
non-handicapped persons pirbducing the same quantity of products.. 

■ • 

However, the notion that "workshops mean Tosses" has been misused so that 
wasteful and inefficient practices are sometimes explained away as the naturaT .• 
consequences of operating a workshop. Rehabilitation is used to^cover tip for 
manageriaT mistakes or low client wages or -Tack of concern for the cost of work- 
shop operations. Instead -of attempting to hold losses to a minimum, some work- 
shops relax" their concern for efficiency to the point of expecting or creating 
a loss in order to justify their existence. "After all," they say. "This is a 
workshop—not a) business. We*'re' concerned about people, not.dollars.",^But 
sponsoring organizations and communities should noMonger tolerate poor management 
of inefficientWrk practices. Nor .should rehabilitation agencies accept evaluations 
of their clients' productivity when real work situations have not been provided. 

When workshops have adopted the efficiency emplias is of business, they wilT 
find themselves financially an/d psychologically better off. They will ^Iso find 
that their rehabilitation refSults will -improve. . . ' 

•f ^ * - 

' The obligation to be efficient— to eliminate waste of' time, of space, and 
of materials— is owed to many people. You, as a member of the workshop's staff 

owe it to: \ ■ : \ i, /'"^ 

1. Yourself. .. • - ' 
Your own pride of workhianship can only come from knowing that you've done 
a good job. ' / ^ 

2. *Your Workshop ., ' .• ' , * 
Your salary is paid because you can return more to the workshop than 
it gives to you. They rely on you to work efficiently and help others .. 
to do so. • 

3. Your Clients . ' • 
They need your help to learn good work ha'bits and efficient work methods. - 
Give, them less and you hurt their rehabilitation achievements. y 

4. Your Customers * 

They may not stay your customers if sfeone else figures out a more 
efficient wiay of doiq^ their work. ^ 
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5. Your Community ^» • , ^ •/ 

They support your services, to people programs and have a right to 
expect efficient use of the monies given your sh9P for this purpos^. 

Indicators of suitable Industrial Management planriing and organization 
in a. workshop: 

'• 1. Plant layout permits a minimum of material handling and movement. 

2. ^ Material handling ^ses efficient, laborsaving methods and equipment. 

3. Work stations are comfoHable with aclequate -light, heat and cool ing, 
ventilation, cleanliness, furniture for proper posture and with reasonable 
proximity-4io drinking wat^, restrooms. eating and rest areas. 

4. The amount of material required for each job. is specified in advance, 
lise of more or less than this amount is. recorded. 

5. Materials come to' each work station either precounted or in lots or 

#• batches of uniform size. 
Surge piles of materials between workers performing dpe^-ations in 
sequence permit each worker to produce'at hts own speed., 

7... Operatio/18 t6 be performed on effch product are described in- advanpe and 
the expected standard level of output is specified if the job. is to 
cor^tinue 3-5 days or more. . " . • 

8. workplace layout and tooling permits a minimum. of movements and exertion 
by the worker to/perform his tasjj. " . . - * / 

9. The quantity of s^atisfactory work completed and the ti (fie required .is^ 
recorded for each" worker. ' When- substantial amounts of non-prodtjctive 

f time or make-work occur, the reason is specified and the time iS; 

recorded for each worker involve^. \ 

10. The defects which can occur in the products being produced are specified 
i n advance . * " 

11. The Tirst few items produced by each worker are examined for defects • 
when he starts or resumes a job after an interruptions Periodic 

^ inspections are continued during , production Wjth defects found and the 

wi]jfker producing them being recorded. Vi^^ — - 

12. Start up dates for jobs permit uninterrupted work assignments". for workers 
who are permitted increasing speci^alization' as the job lengthens. 

l5. 'Work is completed on schedule to meet reasonable cjjstomer needs. 

IDA. WHY IS THE METHOD OF DOING A JOB IMPORTANT? ' [ 

Pegboard can be constructed and used in a live demonstration to show that the 
way the job is done has a greater effect on the time required than does the effort 
of t^e worker.' 

The 3/4" thicK pegboard used has thirty 3/8" holes drilled all the way through 
in a 6 x 5 . pattern. The holes are 1" OC with a 5/8" diameter 45 degree counter 
bore. "The pegs are 2-3/4" long, 5/16" in diameter with one end roupded. .There 
are at -least 36 pegs available for each board. . 
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Ask a person (preferably one who has not been exposed*to motion study) 
, to "put the pegs in -the board-while I time you with the stop watth." They will 
ordinarily use a on'e-handed method. If they do not, disregard the time and.ask 
them to do it one-handed. Give the person a second or third tr-ial , and record < 
the times again. Be sure ""they use. the same method (one-handed). Set one or two 
oth'i^ people to use the same method, recording times for their tf^ree or four 
trials'. 

T r Tnen show that less time is required when one hand is used to hold a group ^ 
of pins and fee«U4hem one at a time to the other active hand. 

, Now, ask the demonstrators to, use a two-handed method with each hand pick- 
ing up and inserting a pin at the same time. i \ , 

finally, show the demonstrators ^he best method which starts by filling the 
holes nearest the operator and 4n the center of the board. Fill up the row movijng 
away fV^om the operator. Then move to the nen outside row with each hand, again 
starting with the holes nearest the operator. ; 

.J^t-will be found that the one-handed method will take approx<imately twice 

as long as the best two-handed method. 

Som.eone may question the validity of the improvement gains because they could 
at least partly be due to the increased practice as they went from one-handed to, 
\ two-handed methods. The following demonstration can then be used. 

Reverse the order; that is, start by teaching the two-handed, best methocL- 
to a person. Record his best time. Then ask b\m to. use progressively poor/r 
methods until the one-handed technique is reached. It will be found that 
roughly the same differences in time will be shown between methods. This should, 
show rather conclusively that work r[iethods greatly affect the time required to 
complete a job. 

lOB. HOW CAN YOU imom A JOB AFTER DESCRIBING IT ON A R||CESS CHART OR ' 
OPERATION CHART? ^ 1^ * ' % 

Priorities for improving methods which have been charted on a process chart: 
1. Delays are the most easily changed . 
2.. The "make ready" and "put aways" can usually be improved 
i ' 3. The "do" operatic^ usually need the, l:east improvement *. 

* Questioning why. an operation, trans portati^ll^ inspections, storage or delay 
occurs, is facilitated by these questions: 

1. Can it be eliminated? * . . ' \_ v 

2. ' What is it supposed to do? , ^ * 
* 3. Does it^o what it is sjipposed to do? |* 

4. Is its purpose still a part of the job? 

5. What makes the. purpose necessary? 

6. Does the immediate purpose serve to c*arry out a larger purpose? 
; 7. What would happen if it was not done? * 
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When improving a work method, the foil ov]fing steps should be taken in the 
order gtven: 

Eliminate the work because: 

Its purpose has long disappeared 

It is performed for operator oonvenience ' t 

A different sequence would make it unnecessary " . ' i 

•Better equipment would make ft unnecessary 

2. - Combine the work through; i' . 

, ■ ■ . r-^ ■ . . ■ 

A chahge in work place or equipment design" . " , 

- A change in sequence 

^ A change in raw material or end product design 

^- Evidence that the work load at a certain work^ place is too low 

Cross training to ir>crease the skill of operators 

3. Rearrange the sequence of work to: 

Ease or shorten any of tlie work 
• Reduce; material handling or waTkiVig < ' 

Save floor space or reduce in-process time .. ^ . 

Take advantage of better equipment or ski IJs 

4. I'mpV'Ove the work by: 
Pi^-position materials and tools ' 

Better equipment ./ 
Use gravity feed hoppers and drop -^el i very chutes 
. . Let both hands do useful work , ■/ 
Use jigs and fixtures instead of hand for holding^ work v 
Training operators in better work patterns 
Better services or supervision , . 

There are eight basic hand motions or actions which are involved in most 
manual tasks. The following suggestions for each of them fnay be helpful in making 
improvements: / . ■ j 

1, Select " • , • 

Can the layout eliminate searching for -items? . 
" Can tools and materials be standardized? ' 
Are parts and materials properly labeled?, 
Can parts and materials be pre-positioned? 
Can color be used to facilitai;e selection? 
Is lighting satisfactory? 
Are parts and materials mixed? 

Could bins, trays, etc., facilitate or eliminate selection? 



Grasp 

Is it possJ-ble to grasp more than one at a time? 
Can objects be slid instead of carried?- 
Wm a lip on a bin simplify grasp of small parts? 
Can tools or parts be pre-positioned -for easy grasp? 
. Can a vacuum* magnet, rubber finger, etc-, be used? v> 
Is article transferred from one hand to another? 

Transport . 

^ Can the motion b^ eliminated? 
/ Is the distance travelled necessary? ' . * 
Are the proper means used: . foot,^ hand, pliers, conveyor? 
Are the lowest classification of bo cly members used? 
Can a jchute' or conveyor be used? ' • 

Could items be accumulated and moved in larger groups? 
Is transport slowed for a close fit positioning at, the end of it 
Are preceding' and following operations propen^y related? 

• Can abrupt changes in motion be eliminated? 

Is the fastest body member used for weight moved? 

• Can any body ttiovements be eliminatet^? 

. Can arm movements be made simultaneously, symmetrically and m. 
Opposite di recti Qns? 
Can the object be slid instead of carried? 
Are^ eye movements coordinated with hand motions? \ ' 

Hold ^ ^ 7 

C^r\ a vise, clip, vacuum, hook, rack* fixtiir^ ^ used? 
^ah adhesive or friction be usedt _ 
/tan a stop bejised to eliminate; hold?" 
/ Could arm rests reduce fatigue? • " 

lease j . . 

Can drop delivery be used?, J[ 
. Can the release- be^ made in transit? - 
Can a careful release be <el iminated? . / 
Can an ejector be used?, - ./ 

Are material bins properly designed and located?/ 
At the end or release is the hand in most^advantageous position, 
for next motion? . ^ . 

Pre-pdsition / •/ . ^ r, J 

Can object be pre-positionad in transit? Xj. 
Can the tool be balanced ia usable position? 
Can article be designed so,, as iflany^des are alike as possible? 
Can magazine or clip feed be used? M 
;Can a stacking (ieyice be used? 
-Can a rotating fijcfure be used? 

Position .. ' . 

Can tolerances be increased? ^ , 
Is positioning necessary? 

Can square edges be eliminated? ■ ' ' \ ^ 

Can a guide, stop, locating pin. recess, swing bracket be used? 
Can arm rests steady the hands and reduce .position,ing jti me? , 
Has the object been grasped for easiest positioning? i 
* C^n a foot operated device be used? / ■ 

' ' " ' \ ■ ' . 1 ■ 




Inspefct . . ^ f ■ ■ I ' ' ' . ' 

Can illumination be increased? « 
Can gauges be used? 

Can mechanical inspection replace visual? , ; 

Can pressure, vibration or hardness test be used?^ 

The most thorough method of analysis and action uses a process chart like 
the one on the^next page. It has additional columns -to make certain that al.l> 
questions for analysis and methods of^attion are considered. ^ 

After all the descripj;r6n statements have been written for each of the steps 
in the job you are study tng, go back to each line and: 

• . ' . " ■ ' . " ' . • . • ■ • • ■ ' ' 

1. Put your penctT in the "What" column and ask, "What is the purpose 

of this?" If the answer seems satisfactory, place a dot in the column. , 

.2.- Put your pencil in the "Where" column asking, "Where should we do this?" 
Again, place a dot in tlie column if the location seems right. - 

« 3. Irt the "When" column a^si, "when should we do this?" 

4. "Who"— "Who should do thi^ 

.; 5. "How"— "How should this be done?" ^\ 

^Whenever a question is not satisfactorily answered, a check is put in the ' 
column instead of a dot. Ordinarily, no additional analysis questions are asked 
when a check is made. • , 

. 6. When a check is made i,» the analysis column,- lookyin the action columns 
for an idea suggested^by one of the words, "Eliminate," "Combine," 
"Change Sequence," "Cj^nge Place," "Change/PeVsonrf' or "Jmprove"^ 
which will overcome the problem. Put a^eck in tfie action column 
which triggered your idea. If necessary, jot the idea down on the back 
of the sheet. v " \* . . 

: .,: ■ ■ ■ . ■ ^ ■ ■ - - ' I.. 

Spme. of the checks in^the action column Will conflict with others. Pick 
out the best ideas and discuss them with all concerned. A proposal will come 
Qui of this pooling of brainpower with the way prepared for its ultimate acceptance. 
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SUMMARY 



Present Method 



Number 

- *" ■ , 



Time 



Improved Method 



Number 



Time 



Difference Saved 



Number 



Time 



Q Operations 



Transportations 



Feet traveled 



XXXXXX 



XXXX3QC 



XXXXXX 



inspections" 



Delays 



Storages" 
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AlINATE 



obM^ 



INE SIMPLIFY 

5.5 



REARRANGE 



SUBDIVIDE 



IdC. HOW CAN YOU SELECT THE BEST WORK METHOD? , 1 

It is very important, especially on jobs withlngh coTT^THgh saving^ 
potential, to have several thought-out alterhativeis . Stoppirrg with and developing 
the first idea for improvement which comes to you will fall far *short of the 
improvements which more thought c^n develop. . 

I 

So, have s'everal thought-out al teVnatives. 

Then reject tfiose which are not presently feasible. 

■ , ■ ■ ' . . . ■■ 

Compare the ones remaining in t&Yms of: :'\ , * 

1. dpef'atinb cost changes . . . 

' ^irect labor or direct materials cost 



' * Indirect labor or supplies cost 
Overhead cost 
. 2. Installation Costs . 
New equipment costs 
.. 'Salvage r,eturn from old equipment 
I Training costs y 

3. ' Other changes which a-fect?. 
Quality • . 
. Personnel '' 
Safety 

Production capacity 



# 



\ 



The form on the following page may be useful for this purpose. 
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DIFPERENCE-COMPARISON CHECigoCST 
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OTHER CHANGES RESULTING FROM NEW METflOD 
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11.' HOW CAN YOU LAY OUT. A WORK PLACE OR PRODUCTION LINE? 



The arrangement of the spac^ around each client in a workshop requires 
consi^deration of the following factors: • ' ' 

1. " P-osture . required by the task:' sitting, standing, al ternate Ty sitting 

^ and standing,, standing and walking ^ ' • 

2. Magmhery , jigs, f.i'xtures, tools and yiork benches or tables which are 
to be used along with space requirements of each ■ . ■ 

3. Number of units of pcpduction expected »per )iour or day • , . ' - • 

' 4v Materials : size and weight to be/hanxlled, bulk and quantity in storage 
• at work place", method of material handling, frequency of movements • 

' 5. Safety ^hrough elimination or: control of.hazards * 

6.- ReTati bmhi ps \wi th other lydrkers who - work on the same item . ' 

'The movie, ffe FOREMAN DISCOVERS MOTION STUDY, number 4609 may be rented* 
for $18.00 per showing from the University of California, Ex$ensTQn. Media 
Center,-2^23 Fulton, Berkeley, CA ^720'. \* ' ' , 

U\shows the efforts of a group of' foremen beforehand after their study of 
motion economy. The group's task is to construct a wooden box which is.filled 
with jelly beans. The improveme'hts which are based oMotion economy prirTcipl.es 
are clearly and dramatically shown. '^W 

Four; problems or case studies-will be found, on the next few pages. For each 
you win firrd a: ' . - - " 

K. Materials Handling Requirements Sheet which was prepared by the Sales 
Department. ^ ' * . - ' . ,, \ 

2. Rrpdu'ction, Order which was prepaiibd by the Production Sup^r\6^rsor 

a. Prqduc,ti6n Standards and Estimate Sheet whtch was prepared; by.' the , ^ 
Engineering Pepartment ■ %^ 

From this data you are to: ^ ' 

U LpcHcate the number xjlf' items in each lot, batch, or.^un,dle' or raw 
I . m'aterial, ffni shed, parts or finished items in each Qperational. step 

2; Pay parfjcular attention tO\the material handling aspects* inc-luding 
provisions for surge piles^ of materials 'between opera ti'On$--v ,v 

, ' jrs.. '.Design the work place layouts for. the operations required inj.the'rtiaking 
•' of.. this Uem ■ ' ' , ' " 
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You may, show a scale drawing of your design on graph paper or a lar^e, U^ut 
Wral5p>f\g paper or make a full sized layout using corrug^ed bd^d..> / ; 
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Defects (by operation no.). \ ■' ■ 



\ 



\ 

\ \ 



M ATE R I A L S 


PRODUCTION 


PAY 


IN S P E C T : 


I 0 N 


■ \ 


0 


Unit J 


No/ 
Name 


r^td. 

Pack 


No. 


Operation 


j; 


Jtd Prod 
'Hour or 
Jtd Hrs. 


Unit 


Piece Rate/ 
Hourly Rate 


Batch 
Size 


San^le 
Size ^ 


LAC/ 
"RE 






1 . ' 






,,.-.-i 
















. #■ 












2 




























3 
























d^4^t> - 




* 




















SCO 








5 


* ■ 






— 1' 

■\ 












■5 








6 




















• 




■4 


7 


























8 


- — -f— — 
1 - 
















* 








9 


























10 




















— ^ 








End Item 
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Job No. > /&/ I tem -te. ' j- 
Custcmer 



MATERIAL HANDLING iR>£QUIK£MEKTS 
Item Naitte _ 6>-/ 



/^>^y<^ . ( Xiantit y J^^fs 

.-unit ;• 



P.O, No. 



Start /^/^j^j Finis h /-^/^ a 



Contact 
Phdne 



cu-stomer 



workshop. 



Total 
Q 


Unxt 


Material 
Name/Date to 
Arrive or Ship 


Standard Pack 


No of 

Std 
Packs 


store 


Stack 

High 

Low 


Floor 
Spate 
Req'd 


■ 

Move 


Units 
Per 


Weight 


Dimensions^ 
LxWxH ' 




-v.. .in. .tiff. 






/ 




^ -111 
















2 




9/ 








* * 






- V 






3 




> 






- . 














4 










y 














5 




^^^^ 














\ ■ 




CMS 


6 
























7 




* 


— f— 


















8 










' 














9 
10 






























« 













^ . . ' . ■ • PRODUC-TiON ORDER " . ' 

■ Job NO. /d C:. Hem No. ^ „ tt r^m Name ^S^oc/Zc/,. SisoATs^ puantityj;:^^ _£f::l 

^ . . . — • ■"'t^* ■ ^ ■ • - ; ■ - • ' unit. 

v.n^lcm<iT S A^/e^U-' ^/»/^/^ --P .O. No. Contact 



customer 



, workshop 



Start 



' Finis h . 



Phone 



schedule . actual schedule ^-actual - , 

Description ^.>^^/ M /^i^s ,a.' Ayfs//o ^^^cA: ^ C^t^to £ho/s — ^. tA cy/^Wtf-^ 



DefeC'ts (by operatidn no.). 





No/ 
Name 



T^ l 0 N 
Std ?rod 
/Hc5ur ox 
Std Hrs. 



PAY 



J»i0ce Rate/ 
Sourly Rate 



IN S.P E C T I O N 



Batch 
Size' 



Sample 
Stze^ 



AC/ 

RE 



8 



10 



End Item 



Pkg & Pack 
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12. WHAT IS WORK MEASUREMENT? ^ - . ' .> • 

* • 

Work measurement is the systematic determination of how Jong it'should 
take an average operator, in a given situation, to" do. a specified task. * 

The result of work measurement is a production^ standard . It can be stated 
in several ways, iajj^ludihg: " • « . ' ' 

1. ' Pieces Per Hour ' * * ■ 

The number of pieces or items or operations which-. should be completed 

or performed per hour or per day. 

* . • V •> 

2. Standard Hours ' ■ 

The amount of? time allowed per place or per operation. / 
% 3. Piece Rate : - * •> 



A piece rat^ which is calculated by dividlngfthe number of pieces or 
.\ operations per hour (as .in #1) into the going hourly latbr ra.te (the 
'amount paid in cpmpetitrive employment for a similar kind of work)! 

\ 

TKe most fundamental- production standard is the pieces per hour. I{ can 
be used Jto calculate* standard hours. It must be -used to ca*! cuTate a piece rate; 

■ • ij; - • , ^ ^ ■ _ 

Befoi^e work weas^rement is done, it is assumed that work simplification has 
^iieen ijpplied to selefit the best method of doing the job. 
- ' , m , 

12A. HOW DO YOU MEAME WORK? ( fil " ' • N 



1. Using pa^t p'ecforinance records ^ ' 

Tjiis can penaTize workers who. have' been working, above normal pace 
or* benefit '^low workers, depending *on the relative numbers -of each 
• ' in. the^grftup or sample. Past performance means Ifttje unless you 
know the 'pace ^at .which the work. was p^formed. Furthermore, link- 
ing anticipated production- to past performance fixes all of the 

. . inefficiencies, 'delays, and output restrictions of the past into 

• . a normal ahd accepta.ble performa:nce.,. 

'2, The supervisor's ef'timate of how lorlg a jo6 should take * . 

, .. Ultimately such es'timates are b^e^ on V^^t" perforjijfiunce knowledge 
- ' of' the job, or similar jobs. All the Weaknessj8<^ past performance 
• -standard? thus continue in supervisor 's estintates 

3.' Tfriie study .and. pre-determined time 

* Pre-de.termihed tim.e i^^ groupe?with time study since it, .too, was. 

• -based on. the . use of a* stop watch when the times were determined. 
^Ulti'matelyV thes^ systems of work measurement depend on the identi- 

♦fication and timing of work elements and an e\|aluatibn of the times* 
"'. observed withVespect to. some concept of normal pacg. 

4.. Work 'sampling " / * ' ' * 

This is a statistical method of making a large number of obser- 
' ..vations of a worker over a period o/ time to determine the percent- 
age y^time being. spent on .variou? tasks and/or idle 



Beware unless you know the customeV is telling you how many 
"pieces he gets from his average emplpyee^ for" the entire day^ 
He may be telling you how mu ch- his e ngi ngers say. he should get ■ 
how-much he would like to be getting. 

Union '*s opinion . 
• This may become a more important source of protiuctiori standards 
« as time goes on. • . ^ 

•. i " ^ ' . • ■ ■ ■■ •' ■ ■■ • ■ 
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■13. WHAT IS A QUICK WAY TO .SET A PRODUCTION STANDARD? 

"- ■ ■ ♦ 

Unless more detail e^ethods are described (such as those 'described in • 
Sections 14 and 15), pl^ce rates and/o?S expected pieces per hour can be deter- 
, mined for most workshop jobs by using tne following steps. . 

1. time at least 2, but preferably 3 or more, non-handicapped people doing 
the job. , , ' • • * . 

,^ 2. Calculate the average time .taken to make on6 item or do one* operation", v 

• 3^ Divide the average^ time into the number of minutes a. worker should 

be able to work out of each hour to find the number of pieces per hour 
an average non-hartdi capped person would be expected to produce. 

4. Divide the expected pieces per hour into' the hourTy rate of . pay wKich . 
would be paid in your Community for th^is kind of work to o,btain the 
piece rate of laboVcost. * • ' ' : 

■.••»* 

A form for. these steps is found on the next page. • * * 

■ — ; ■ ■ ■4 •' • 

Before beginning, these ste)^s (or sJ^rting any time- study or worR measure- 
ment system), be sure you have developed the work method which sljouldl-be used 
by the wor{(er. - It fhouTd be the best method available considerirrg the size of 
the job, equipment,* etc. JobS'invplving a, large numbeif of pfeop\e or tfiany hour.s 
Of work will ordinarily be planned iBore carefully than shdrtv non-^recurring 
jobs. All of >the teohniques previously described will be helpful in selecting 
this 'best method. ' If unnecessary or poor work methods ^e^'being used, the 
piece rates and expected pTeces per'^hour v\ihich result, wiN^be erroneous. - '- 

More c^taiTed explanation of the four steps follows: - • ' 

1. Timing . ' . , 

■ 'Th^ work Is to be performed by people who are non-handicapped 

adaition, they should be familiar with the job to be performed tJiroug 
previous experience or a practice period. \ ; * • 

. If the job has >not previously been done* by. each persbo, a number of 
practice items should be mad,e or a'ssembled "before staring to time 
'the,,work.' More items should be practiced on^when^the lehgth of time, 
•requir&d for one item increased due' to its being a mo're difficult item. 
= . If the time for one item. is long merely because the work consists of a 

larger numb&r pf simple steps, then a longer practice peridd can be 
disregarded. |Jhe fo.llowi.ng table is suggested to'.indicat^ the amount 
'Of practice whicn shoulli^ be provided when no prev<rous experience is 
possqssed by ^ person who is to be- timed. 

- ■ • 

Approx. length of time to do" Minimurajumber of items or 




\ 



one item or .operation (assum-,* operat4ork tp be made in a 
ing that longer times are due practidsw-g^sioa^ Before 
to gr°eater difficulty) . timing starts 




LeSs'than 1 minute ^ v. 20 

1 minute to .2.minut^s^Oi^ 25 

2 minutes to 4 minutes • 30 
■4 minutes to' 8 minutes , * '35 
Mqr^' thaH^minUtes • 40' 




VORK TIME 
aad 

EXPECTED HOURLY OITTPUT 



Job No. 



Item No. 



Item Haoe 



Date_ 

...1. i_ . iT 



T I M E , (Mint Sec) 



worker /Task 


< 

1st Trial 


2nd Trial 


3rd Trial 


, 4th Trial 


Tot£ 


lis 


' I 

F 

* 

Avg Time 


(min/sec) 
Time 
•(A) 


Items 
(M) 


(min/sec) 

Time 
- (B) ' 


■Items, 
t 

(N) - 


(min/sec) 
Time 
(C) ' 


Items 
(P) 


(min/sec) 
Time 
(D) 


Items . 
(0) 


f A+B+C+D) 

Time 
» (E) 


(M+N+P-»-Q) 
Items" 


u_l 

\ .■ 




t 






t 

: i 


ft 

■ 








\ 










• 












ft 




^ — ■ 


























4 - 


ft 






■ 1,. ' 
















5 










-t 






J 


• 




If 



Worker /Task 


: • i 

•F 

Average Time 
(G) 


(roln/sec) ^ ^ 
work 'time 
per hour 
.(H) . - » 


V' ' H 

Pieces /Hour 
■ (J) *• 

. ..... 


(Dollars) 1 
Indus tr^ial Pay 
'Rate Per Hqh|r 
' (K) 


K 

J . 
' Pleqe Rate 


1 . 








* 


-^^^ — « — ^ — — 7- 


2 










• 


1 — 


• • 




• 










• 


> 




______ L . , . . ** 

* > . 


5 : 




I- > ' > ♦ • 
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• Arrange the work place exactly as '-it will be s6it up for the 
X ul,timate worker wi th tool s* materi arl s , v/ork space , . ^ea ti ng , etc . , 
in place. Have jobs or fixtures built and equipment set up with 
the "bugs" worked out by previous testirig-and use. Do ncft experiment 
during the timing period, since this shoiim have been done already. 

• . . . ^ 

Ah ordinary watch, preferably one with a sweep second hand can be used 
; to record the time. ' if possible,- permit the person who is performing- 
: the test to do several items without stopoi fig between them. Time ' i 
vfor the qntire period he or she worked. ./ fteduct time for interruptions. 
%hjch were not j^equire.d hy the work itself such^ as stopping for personal 
heeds jt^tj;.. ' . ' ■ , ' \' ' ' ■ ' '. ' ■ * . ' ' . 

Calculate Average Time ^ ^ , . "* , • 

Detehnine the t^tal time, tak^n by feach person foe the actual work • > 
ke did in the^ test. Divide this. time by the number of items or - 
operations h*e comfileted ,tp get his average time per piece or. .operation. 
, If Several people participated 'in the test, calculate the. average tim6 
;..for'^ach one/ separately. - If 4;he average time for one of the people in 
the t^t is either .less than half as long a'fe the slowest person Or more 
than twice as l^ng as the fastest person, with the other people's average' 
.-times within 25 - .30^ oi" ffach other, t\ is best. to di$regard the extremely 
•fast pr slow indiVidQal and omit his. times' from the following calcula- . 
tions. Add .the acceptable individual average times and divide by the • 
number qf people in the tes.t to get the group's, average, time per item .<* 
or operation. * ^ ' I . ^. . 

Example: -^^ , . ' .■ „ ' " ' 

t^e woirkshop is prfiparing:,a bid on making d plastic toy. " First,. it 
4^ to be assemble^d and glued; After assembly, it is packaged in a 
"di§pia^ box whicH* is th|n packed in a shipping cartori. V 



.When var1Pu§ assembly and gluing werk metnods were tested put, oae was^ 
finally selected. It took about 3 minutes- to make the first toy using 
the s^lect^d method. Tflexpackaging and packing took just undergone ^ 
minut^.-. < " " ' * 

The preceding*^ table i/as lised to de^ierpiine how -much practice should be 
allowed, the three supervisors who were going to be. timed in the test 
'•^Vtitce .hone of them had done this kind' .of worl< before. From the 3 
minute time for making the firs t toy i the t&ble indicates that 30 
toys should ba assemblecS^jn" the practice sessidn before timing would 
start. Components^ for 90 toys, were given t-he superb sors and they 
each assembled 30 of them for. practice. Tj;ie practice scission lasted 
just about one* hour, for they. found the* time required for each toy 
dropped steadily as ^they becpme more experienceb. " • - 

Each of the three supervisors was then gi.ven parts*for 10- more toys to . ' 
be assembled in the, timed ^ssion. The- actual time. taken by each was: 



Supy #1 
Supv #2 

.V. . 

Supv #3, 



Started 

- - • 

3:3G p.m." 
3:30 p.m. 

3:30 p.m. 



Stopped 



3:51-. 

4:01 & 
15 see^ 

3:47 & 
20 sec. 



(minyii^F 

21/00 

31/15' 

12/20 



Since the" times varied widely, a second trial of 5 toys, was run. 



Supv #1 

,Supy #2 
■ Supv #3 



Started 



4:10 p.m. 



4:10 pjp< 



Stopped 



4:20 
^ 45 sec. 

•4:24- 



4:19 & 
10 sec. 



4:10 p.m. 

The times- for ^ach supervisor were then averaged: 

»Sec. 



Total Time 
(mi n/ sec) 

10/45 



14/00 
9/10 



Total Time 
'Min/Sec___ 



Toys 
Made 



• Supv #1 ^1/00 + 10/45 ^ "1905 
Su.pv.#2 31/15 + 14/00 = 2715^ 
'Si4PV #3^ 17/?0 - 9/10 = 1590 
And the average of thia group^ be comes i- 



15 

^15 
15 



Avg Time 
Per Toy (sec) 

127 

181 

106 • ' 



4' 



Supv #1 
#2 
' #3 
Divide by 

Group Average 



Average Time 
(seconds) 

127 
181 
106 

3MI1 seconds^ 



13£f seconds per toy for assembly 
and gluing 



cr.^ nirtanfrtfl Dractice, each sup^rviso'r was given 20 toys, since * 
the.?1^e ?eq2i?rd was thought to.be u.der one .inu«e for each toy. 

Each .supervisor was then tim^ while packaging 20 toys with the following 

results: J, 
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9a 



• 


or35 a.m. 


8:35 a.m.. 


8:40 a.m. 


. stopped i 


8:48 & 
10 sec. 


8:50_^ 


8:52 & 
45 sec* 


Total TiJT^ 
•jjiTtn/sec) 




lo/OO 


12/45 


Total Time 
(seconds) 


790> 


900 > 


7^5 


Toys Packaged 


20 - .' 




^20 • 


Avg Time/Toy 

* 


40 


: 45 ; - . 


39 



Their group average was: • . • ' ' 

#1 ■ 40 . / • - ■ 

#2 45 . ^ • . 

#3 _39 ■ . ■ 

* ; 3 124 : . - •: 

" 42 seconds per toy packaged 

. Hence, the average time' was found to be: 

; Assembly: 138 seconds ^ 
•Paqjcaging: 42 seconds " 

3. Pieces Per Hour' 

A worker spends only a. part of each hour he is on the job actually 
pefformT-ng work. • I* '-"'"'J' 

Some part of each hour is spent caring for his personal needs (qettina 
a dnnk. smoking, talkirtg with co-workers about sports or family or 
news, toilet needs, short rest periods, coffee breaks, etc. ) ' 

°^ f^^^ hour may be used simply for waifclhg rather 
than working. The worker is personally ready and willing to w6rk, ^ut 
he IS forced^ to wait foi^ materials, wait for instructions^^^r inspection 



The 50 minute hour has been proposed and widely used in industry to 
indicate that 10 minutes out of each hour\is being set aside for the 
personal needs or job delays described above. For most workshoos 
however, this 50 «iinute hour is unrealistic. Workshops^are not that 
~~]!!^rp'"^!hf (Nor, for that matter, are many, profit-seeking businesses 
Hence, the use of a 45-minute hour (2700 -Seconds ) is suggested unless^ 
you can demonstrate that the management of your workshop is so efficient 
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that-cTients really have an opportunity to work some greater portion 
of the hour. In some workshops where the foreman-supervisor to client 
ratio is quite high (1 to 15 or 20 or more) a 40. minute hour might 
be even more realistic. In no case should a workshop gobeyond the 
50 minute' figure, however, for this represents the ideal used by 
large comp'^ies with good working conditions. 

thefikime value found in^Step 2 is divided into the number of minutes 
(or seconds^ you select for the expected working, time per hour" in your 
sh'op. The result is the number of items or operatittns you would expect 
from a fully prbductive* non-handicapped worker for each hour he spends 
on the job. ' 

This pi aces per hour is one way a production standard can be expressed. 
Example: ' ^ » 

In the previous example for Steps 1 and 2,' the average tinW per toy 
was. found to be 138 seconds for assembly and 42 seconds for packaging. 

t ■ ■ ' 

If the shop used the-45,. minute hour (2700 seconds)* the number of toys 
expected to be assembled per hour are: 



- Working Sec/H|ur^ Pieces/Hour . 
• Sec for 1 Ass&mbly 

2700 seconds ^ toys assembled/hour 

138 seconds . 



The expected packaging per hour would be: 

2700 seconds ^ ^ packaged/hour 
42 seconds ^ . ^ 



4. Piece Rates 



In order to determine the fair wage to be paid clients for their work, 
you must know the average wage paid to employees in local companies 
doing ja similar kind and level of work. A problem arises as you try to 
find "similar" work, for a variety of factors go to make up the content 
of a job. ' 

<► ■ ' . • 

To ffiatch up the workshop job with one from competitive employment, you dis- 
regard the amount of work done in the competitive job but compare: 

< ■ 

a) What are the relationships with data \^ich is observed or mentally 
created inclifjding numbers, words and symbols? 

1) ./Analyzing - ' ^ * ; 

2) Compiling . ' , 

3) Computing 

4) Cqpying y 
. 5) Comparing * 
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b) What are the relationships' which lead to various interpersonal 
relationships Including instructing', supervising, persuading, speak- 
ing md serving? 

c) . What are the relationships with things such as materials, machines 

and products? • ^ 

1) ' Precision Working ■ . ■ 

2) Operating-Controlling . . ' , 

3) ' Manipulating-Tehding " . - ,^ 
4 Handling ' - • 

\ , • . — . 

d) HoW-much fTexibility is expected to jje able to do- different kinds 
of work or ^sequence of tasks? • 

'e) What quality\)f work is performed as judgedTby the degree of per-*, 
fection required (amount of errors. or flaws permitted without b^eihg 
'•classified as a reject) or number of rejects allowed? •' 

f) How much supervision IS provided, what kind of people are the super- 
visors? 

^g)" Is the job .seasonal , intermi tten or temporary ?- 

It is seldom possible to exactly match a workshop job with a job " 
from competitive employment using all of the above comparisons . 
Generally, the competitive job will be more demanding than the, 
workshop joB. As a result, the rate of pay in competitive employ- 
ment should not be the rate to be used by the workshop in determining 
its piece rate, unless the workshop/^wishes to provide a wage subsidy 
to its cl ientS'. " 



In selecting a wage rate, the wor^op should" apply the *^afne test 
wiiich the Department of Labor's Wage and Hour Division is directed 
to enforce by the Fair Labor Standards Act and the related Regulations.. 
This requires that: l) a wage be paid to ^handicapped workers (clients) 
commensurate with that paid to non-handicapped workers in the vicinity 
in regular employment which maintains' approved labor standards for 
essentially the. same type, quality and quantity of work ."and 2) the 
w^iges being considered above as being p'c^id to hon-handi capped workers 
"ffr~the^re^^]l^ar employment must be for work which is compa^aBl e to- 
that performed in the workshop. Stated' another way , what wou'^ld the . ^ 
client be paid if he performed this seme job in competitive erhployment? 

' When, to meet the needs of clients, a .job is subdivided or supervision 
or inspection is-increased to maintain quality, the job has been changed . 
It is no longer "like" its counterpart In cgmpetUfve emplo-yment. But ♦ 
to establish this difference and establish a fair wage (fair to the 

'workshop r its customer, and the client who sf^ould get^ accural te data 

•about his compe,titive "worth"), the wqrkshop mus't be pre^pared to 
document and quantify the differences or similarities between ihe 
workshop job and' various competitive jobs. .A sc^le for doing this 

'is ftiund on' the next .page . 
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Scale yipr Comparln^he Content of Worksh^ Job Title: 
With iiinirlar Corapefcitive Employment job Title; T 

In the ' 'h ' * 

Where $ tO' $ 



Company 



Date 



Who protiuced approjcimately 



per hour a verage) was paid to ^approximately 

to pieces /items /operations per hoi;ir ( 



Prepared by:^ 



jwqrkers on this job 
a verage ) 

"-r . 



* • 

f 1 

• - ■ ■ r •. . \ ' . 
JOB CHARACTERISSriCS - 


Degree of importance 
in the competitive Job 
E-easential» key 

>^ lament * 

N-nec^sary but less 

V c xr.c le one r or ectc n 
J op cnaracceri8i.i.c/ 


E « -15 
N - -8 
U - -1 


-2 

0 


0 y 

0 


* 'o:'. 


- ■ . J 

+15 

>' •fl.-.i- - 


SPECI-\ 
FIED 
VALUES ' 
FOR THIS 
REQUIRE 

■■ • : 

CoiuRtti A 


WSIGHl 

(fill in values t< 
} ■■ degrees "bi 


CED VA 
> tn^t^ 


LUES ;■; , •: 
h.■.the■•;cit'cled ■ ■■ "f- 
rt'ance)' .:. ' 


nucn, less 
in tne *worK^ 
^^hpp Job 


juess in 
tne* worK«* 
shop Job 


^ 1 . 
1 


vne.'WorK* 
sho> Job 


in i;ne wor.K**^ 
8hop\>job 


DATA RELATIONSHIPS . 
; !• Analysing 


E N . H U • 














JL. comptllng c, fH 


P M U Tf 

x% n It u 


■ ■ • *. 










■ 1'- " ' • 


ji. Loinpucxng 


li W. \ll U 






r 


-^"v— — \ 








N ' ft. ' U 










— « ■ 


iT . . - 




p m' h\ U /« 




■■■"■■V ■ ■■ ■ 






^ ■ 


' * ■. •'• . '. 


6. koPLE RELATIONSHIPS 


E N . H ^ ' ^ 


J., ■ r. . 






1 !■ 






THTNfiS RELATIONSHIPS 
7. Precis l6n Working 


.. E N H U ' -V 





A ^ 








• * * 


; 8. Operating ^-Controlling 


E N -^.H U 






> 








9 . Manipuldt Ing-Tending 


E .N ' H 


'\- - ) , 












#. 10, Handling \ 


E N -'H U - 






I 




. ' 'V i 




^ 11. Flexibility to do different 
1^4 nds of work 


E N H • U 














19 Haot^oa est pAr*,f ppt'lrtn /amount 

/ of errors prA: flaws periinit ted 
/ short of beit^'^'';|i<ej,0cte^d) / 


E N- fi 6 








- f ■ - 


;^>'> - v.. 




in thft work- 

ali|6n lob 


MK vortc* 
shop lob 


I 


'Le8ji.in 
the work- 
shop lob . 


Huct\ less - v 

in» the,«ock- 
shpp Idf^ 




u# NuniD.er oir rejeccs aixow^u^ 


B ^ n Ui 


♦ > ■ s 













SUPERVISION 

14^ Amount of time given worker 






■.1 


' ! 

0 . 





+25. 




15. Quality of sunprvisor . . ^ 
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+10 




^16. Permanence oir'stability:. 6f ^ 
, employment (Seaaqnal, tempor- 
ary, intermittent) 
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+ 100 « 



Avg or Selected .Pay 
of competitive. Job 



% Expected output piece-rate for 

Workshop Job . 



Base P^y for 

outpi^ on 'Workshop ' in pieces /hour 

Job V 




» 



. Example^: ' , - ' ' " • • . 

^ The job of assembling the . plastic toy in the workshop was studied. 
'* It' was thought to be -most like' the job of assembl ing ball point 
pens which was being parformed iF;i^'the Ideal Matnufacturing Company 
• • by about 12 pj^oduction^worHers who are paid $2.15 an hour. •.• ' , 

• WherLan hoyipl'y l)ased ratQ has been detenn.in^d fro;n an examination , 
* of-«conipeti tive- job comparisons,' the piece rate i&i^obtained by- divid- 
ing* it by the expected pieces, per hour. . . . " ' . •. 

« -t . ■ » • ■ • • 

, E'xahiple: . , /" - * . 

••••■'* ' .. « ♦. ■ 

rn the previous example, .if the competitive labor rate was determined 
to 'be* SJ.^ per hour, the piece rate woyld be: - ' - 



Going Labor Rate ^ p> ' . — - 

•Expected Pieces/Hour - ^^^^ ^^^^ ^ 

• • • * • 

Labor *^ ^€-xpected ^ Piece 

' ' Going Rate * Pieces/Hr " Rate/ea 

Assembly.- ' l\90 ^9 . m 

- Packaging ^ 1.90 . • 64 ^ • . 3i 
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14: • WBAl'ARi THE PRINCIPLES OF jmt STUDY? " \' ; 

• : * r. . ■■ ' ' " • 

If you have mastered the material up* to this point, ending with the previous 
section on ^-^'^cmidc-wait-to-seit- production stand^d5.»^ yj3u.-toe ■ f i ni shed the . 
course of. study. • _ ^ , " 



Congratulations! • ^ ." . . , 

This section\on time study and the ones to follow. . • ' . 

15.^ What is' work rating? ^ . '. • . ■'■.'< ^ J- - 

17. ' WKat allowances should be- considered in setting production , 

standards? • ' • . * • 

are for use by workshop personnel whcr des'ire to•^se more precise ^ethbds such > . 

would be followed by the industrial time standards en gineer to dytermme 
production standards; ' . • , 

V The sections 'v; " ■ ' 

15. What should be' considered when using pr^-detennined- time systems? . 

18. What-factor should be considered for the learning curve? . 

are also for more 'advanced work. You may want to^ consider them if much of your 
time is spent estimating or setting-production standards of estimating produc- 
tion outputs for pricing or bidding or production ^'chdlluling purposes-. • 
• \ , ■ - • * - ■ ^ ' ' .- ' . ■ , ■ ' . 

Time study techniques are suggested for rehabilitation ^workshops 'because 
they require less training than pre-determined time'methods and because they can 
be done relativelj/ quickly with reasonably accurate results.^ . 

v' Fourldifferent kinds of time can occur in the making of any |rodupt,^ These 



are; 



1 - Cyclical elements: These elements Qccur at least 6nce in .every sequence 
-or cycle of work. An example would be" the use .of a hand -operated drill 
press being used to drill two hole^ in a piece of-steel. The feed handle 
must be pulled down each time a hole is to be drille^d. This PU' 'jn9 of 
the handle will occur two times in every, piece of steel produced <iy this 
df-i'll press. .operator. Pull ing the handle is, a cyclical element. ^ 

f . V ■ 

/2' Non-cyclical e-lements: May occur H)nce every two.vfi ve,-^n„ or ar^ v » 
number of WQrk sequences or cycles. An example in^the drill press 
illustration would be the periodic replacement of the dnlj bit to , ■ 
replace with" a sterpSned one or the periojjic refilling ;of the cutting ■ 
' oil reservoir. The refilling of a stapling machine is another exampleV 

3. .'Avoidable delay: Are idle time, dropping toqls. unnecessary movinq or ^ 
- ' tasks done by the worker which is not -required in the performance of 

hi.s job! ' 

4. Unavoidable delays: Are delays that are beyond the worker'.s Qontrol . 
^Management must either eliminate them or allow time, for them. An example 
wou,ld be waiting for inspection, or waiting for materials to be d.eU\rered 
o.ci'Tor finished products to be taken away frjom the work station.. » 



Because th e y aire most easily overlooked, the non-cyclical elements require 
special attention wjjen th^ time studies are being used -to prepare a bid on a new 
job. « These i'ncTlide the time required to set up a job. the transportation of. 
V materials and finished parts from one work station to another, periodic lub-*^, 
' rications of-equipment xir change of tools or cleaning, tear down arjd take away 
time when the job is cbmpleted, and -inany.of the packaging, protecting, sealing-, ' 
marking, and counting operations performed to prepare the item for shipment or - 
• delivery to- the customer. . * 

Time study observes and records the time required for the cyclical and 
•non-cyclical elements in the performance* of a 'job. - The" cycl ical elements are. t 
most easily studied. Half or all day' studied, are preferred for accurate identi-/ 
;^ fication of the^ non-cyclical elements, when the job is important enough to justify. 

■ It. ' ^ ' ■ ■ . ' s 

« ■ * ■ ♦ • • 

Time study is best, done iyith the actual wbrk, 'A pilot or sample run of a 

. ■ j ob for ttvis purpose permits a better study and -r esults in a more accurat e pro — — — — 

duction standard. This too leads to a better bid or price being established. 

Steps in the time study process : ** 

1. Completely describe work methods and working conditions , . 

2. Break the job into elements ♦ 

3. Measure actual time (observed time) requiNed by a selected worker 
? 4. Rate effort or pace . ■ ' ^ 

5. 'Calculate normal time 

. . ■ . . ' .. ^ . 

^ Determine appropriate allowances . - 

♦ " 

• 7. Calculate standard time • * ■ 

In ^urnmary, .time study is the ^technique for finding 'the time required. 



By: a qualified, trainer worker 
Working at: a normal pace or effort level 
Jiijth speci>t?3^^methods ^ 

materials 
• , «^tool*s 

' equipment, and ' • 

. working conditions 
To de: ' a clearly defined unit of work 
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14A. HOW ob; YOll USE A- StOPjo^A^^^ . 

There are two,systenis for using a stop watch. 

, In the -"snap back liming" method*' the stop watch hands are sta,rted from, 
zero at the beginning of each elemeM and snapped back to zero at the end of 
the element reldy to rtjn again for the next element. A reading of the watch is 
made just before thS h>nds are snapped bac^- and recorded in the "T" (for "time") ^ 
column on the time study sheet with no further computation necessary. This system • 
is criticized Because 9t,th^fracti9na^ loss of time during the reading of the 

position of the hands. ' ' ' . ' * • 

The "continuous timing" iiiethod has the watch started' from zero, at the be- . • . 
ginni^ng of the ift^^st ^lementV but instead. of being returned to ze^-o for e^ch 
successive element the hand .is permitted to continue to move. As eacji element 
is completed, a quick reading of 'the hands is made af>d recorded in -the "R" (for. _ 
"reading") colump on the time "sheet. When a series of up tq lO complete continuous 
cycles are r»ecprded> .tjie watch is stopped. The difference between readings for 
successive elements is then calculated and recorded in the "T" column. . 

If you do not have a stop watch, the sweep secQ»d hand on an ordinary watch 
can be used satisfactorily for most workshop time study jobs. It would 'be used 
as described for the stop watch continuous method with a reading and recording 
in seconds* at the end of each successive element; ^ . 

F.or very short, elements, of 5 or 6 seconds duration or Jess, the methods 
of counting seconds' may be satisfactory. If you say at a normal speaking speed,, 
"one thousand one, one thousand two, Qjrie thousand, three,- one thousand four, et.c..\ 
you will be able with a' littje practice, to be 95f97% accurate (2-3,seconds error.,^ 
in one minute).' * " . . " ' ^ 

A Time Study Trainer Problem , " 

The Time Study. Trainervrotates a disc'divided into eight colored sections. <• . 
Each color represents a task or element which is^to be tim§d with a stop watch 
or sweep second watch.' The times obtatned by you can be -checked^ against known 
values at the end of the problem so you can iudge your accuracy witj) the watch. 

Put tiie names ^'of tjie colors vi the "elements" column on the Time' Study 
Sheet.' As' the disc ro1:ates, ,fecord the values fioom your watch (hiAidreths of a 
minute for the stop watch, se'conds for the sweep second watch) in 4:he;"R" 
(reading) column nearest the "elements" column. You note the watch- reading 
at the end of each color and record i.t opposite that color on the sheet. The 
reading at the end of each color is timiUrly recorded iijmediately below the 
previous one. At the ehd of the cycle, go to the tt)p of the next "R" column 
'and contviue to record down that solumn for each color as before. When the 
last cytle has been tinned .'^the values for the "T" (.time) column are obtained 
by subtracting, c'onsecu'tive "R" figures. . 

One special note for those who .use. | sweep second watch^ \ Because you cannot 
"^s tart your watch at zero, 'record fhe starting tim^ in*the upper half of the "R" 

box at the beginning of the first color iS^fhe first cycle. Then record the ending^ 
"value in the lower half of the same box. {This needs, to' be done only once for'each 
timing sessS'on, to establish a^alue from. which to subtract. your first ending , 
reading. From then on, irPboth the stop-watch and sweep secot^ watch methods, the 
ending time value automatically becomes the beginning value for the next col^r 



within a cycle and from one c^cle to the next when, the cycles fo.llbw each, •other 
Without interruption'. v v- \ - V 

After the "T" values have been computed, aly widely deviant vslim are " 
dropped and the remaining ones totaled for each^coQor or element. ThJ^to^al is 
divided by the number of values used and an average time thus obtained for each 
color or element.- 
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15.. WHAT IS WORK RATING? 



if 



\ . .. ^ 

W\ide difference in the speed. at which' people 



We all know there 

work. Studies have shown tfraf in industry the fastest worker will produce 
about twice as much as ''the slowest- You know, from your, own expejf-ience that 
some days you can accomplish mbre than on other days. Your mood, attitudes, 
whether you are refreshed or tired— all effect your*. performance. Couple these 
factors with the wide range of ^ills which .different people^ssess and it 
provides an explanation of the wiSlg variation in; performance wnich is to be 
expected from workers. x 

. ■ Rating is: the coniparison off t.he speed of a worker to the observer's 
concept. of normal v^orking^speed. Noi^mal working speed j^s not that which can ' 
,. o n ly be dofie^%y-a-stipgrman . ^ 1 1 is a«comfor.tabTe pace which can be kept up all 
day without unusual fatigue. . In 'some' jobs such' as typing, a minimum speed* is 
necessary to maintain ^rhythm. In others sucji as shoveling dirt, effort m^t be 
controlled to prevent tenergy burnout. ' ' , 

Standardized rating 'practice exercises have been developed tp**ass1st your 
learning this norma V working speed- concept. All work rating exercises involve 
tasks for which normal times have been deyelopecl' by comparing the. opinions of. 
thousands of .industrial engineers. These , agreed up6n norms represent their 
concept oi» an average* working speed or pace. 

. Rating can be learned quickly but it is necessary to refresh your memory 
by using one or' more of vtbe rating exercises before you start time studies. This, 
is especially important if yoiJ do not make many timers tudies.^^ 

■ .• Three of the more common of these exercised are de^cri-bed on the next few • 
■.pages.- . ... . . ■ ^ •■ ■ ■ ■ - ' t . 



ISA., HOW CAN YOU PRA6;|;iCE WORK RAfiNG? 



ERIC 



■Measure either a 44 or 50 foot distance. PI ace 'two. chairs about three feet 
apart at ei ther end of this distance.. Stretcl;^ pieces of string across the three, 
foot space between the seats 6f the chairs, the string may be hofl^d in place by 
putting a book" or similar "object p^n top of it as it rests on the chair seat. 
' ■ ' . ■ ■ 

Thus, a person who walks along the measured' (Ji stance will hit the string 
with his legs and pull it from under the book as he walks between the chairs at 
both the beginning and end of the bourse.' 

* 

.Have the person who walks the. coursfe start eight to ten feet in front of th^ ^ 
starting point so he is traveling at a .regular gait when he hits the starting 
string. 'He should continue at a , uniform speed and walk on througl^-fehe string at 
the, end of the course. . 



One or more of the observers shoul^d use either stop-watches or a sweep" >vo 
second hand wateh to recojrd the exact walking -time from one string to the other. . 




vEach observer and the person walking should form an opinion of. the speed of * 
of the walker. - This, when expressed as a ra^*ng, uses 100% to represent aij 
—- average person's normal walking speed. If you think he walked about 10% faster 
than normal, you would rate it 110%.- If you thought he was slow, your rating 
could be 80% to repres*** a walking speed onjy 4/5 as fast as normal. Important : • 
Do hot ^ook at the time figure for the walki rig until you have recorded you»* 
observed rating percentage on the Rating Pr^asiice sheet, see page 90^ 

The time for the walk can be f<Juhd on the Table of Time Values and 
Ratings, page 89. Reading across the horizontal- line to the column on the left, 
will reveal the true rating which should also "be recorded on your Rating Practice 

sheet. , ■ * ■ ' ' 

> . » ■ " ... 

Subtract the true rating from your ob'se rved rating to determine -the difference 

/ an d diy-ection yW jiiHg mpnt ^rrnr, A p l u s di ffer en ce indi c ates ^^ ou^-ha^e-eve^^ — * 

rated the wal king,v?hat is rated it too high. Ajninus difference-indicates that 
•you rated the walking as befng slower than ft' actually was. 

Walkihg on the level without a load at three miTes per hour is considered 
normal or 100%. ' . ' . * 

Card Dealing . • ^ „ . . ^^^^^^ " ^ 

. Use -a relatively new deck of 52 playing,, cards. Deal the cards. one at a time 
into four separate piles around the coif*ners of a one foot square. . Hold the pack 
stationevy about 12 inches from the center of the s<Hiare. The' dealing hand should 
place each card on its pile. Do not tosS th^ cards from a distance. 
" " ■ '. ■ " - ■ 

Make and 'record observexl rating judgments and ^use time values to find true 
rating percentages as described, in the walking exercise. 

Because the method of dealing and condition of the cards 'can influ&nce the 
time, card dealing is not considered to be as valid as the pegboarriexercise 
described next. . - ' '^"^^ 

. . . ^ . J ■ " 

tes or 



The 52 cards require 0.5 minutes or 30 seconds to deal atjriormal or 100%. 
>egboard ^ ' ■ - 



The 30 -peg pegboard described in Section lOA or a similar 60-peg pegbQa^d ^ 
with ten vertical rows of six pegs each is "an inexpensive and effective rating 
practice device. It is especially useful when finger, hand, and arm dej^erity 
and coordination^ job% are to be performed. ^ 

A pin'is to be picked up by. each hand simul taneously^from the supply box 
located next to the pegboard^. the side away from the operator. . The pegs are 
•to be put rounded end dojvri/fnt^ the beveled holes of the-pegboard starting with 
the holes in tfte ce^er,o/r the board next^to the operator. Filt the vertical 
rows working sucG^sf\(^^ awaj; frora^the operator. When the row'is filled, start 
the rows immediately next to the rows just filled, again bemnning with the holes 
|ext to tli^ operitor and work.ing a'way from^•him. ... * .. 

* ' Make and record obser»ve*d ratings and .use! the time val ues to .fi(/ic^th'e true 
rating as. described in the walking exercise. I " •* 



For Exercises ' • . ^ - . / • : V 

- *• 

Repeat each exercise wsed at least ten times. Vary the speed. of perforrnhnce ^ 
within an 85% to 150% range so both observer and performer can achieve accuracy 
within 5-10% for a variety of speeds. 



f 



. 



Fa1»I^ of Values 'foglJiff exeat- R at i< hp.s ' 



Using a Stop Watch 
• (time in minupes) 
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. Usittg A Watch With A Sweep Secoftd Hand 

.^time in s-ecorids) n 

WALK ^ ' * P E G B 0 A R D 


, Card 
/ Dea.ling 


* ' ' » ■ . ■ 


-Rating 


44 ft.* • 


50 ft. 


• 30 Pe^'s 


60 Pegs 


52 Cards 




< ^ 50% ' ' 
60 


20 

W 


23 

19 ' * 


49 ; ' 

41 . . V. 


• 


60 • - 
"so , 


■ % 

> 


75 


15 




35 
33 




43 




, 80 ' 

(35 


13 


14 


•31 
29 y 




. 38 . 

• 




90 •: . 
- 95 


> 


13 


. 26 ' 




,33 


• • 


100 

' . 105 1 


10 


12: 


23 • " 




30 




110 
.115 


• 9 . . V 

■*. , » - « - 


,i6 


22 - 
21 


» 


- 27 




12^' 
' 130 


8 

8. 


>10- 


" 21 
19 




25 
23' 




140 
150 


' 7" 


8 


18*. 

■ - x 16 . '. 




22 

, 20 



i^TINGJPRACTICE ^\ - * . Z^' 



Task 



OKsetved True , , 
. Rating Rating . ' Difference 



1'. ••■ 

2 • • .i. 



' ^ " • . . — ^ ^ — ^ 1 .t^ T . 



Tas k i . ' ^J 



Task 



*" V-Task 
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RATING PRACTICE 
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5 • 
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Task 



Trial 

. 3 . 
^ 4 
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RATIJJG PRACTICE 

« 



Observed 
Ratiixg . 



True 
Rating. 



- J)if f erepce * 



Task 



Task 



! . Task 

■Is- ^ 



! 
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. 1 

— 2- 
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The 'filra, MULTIPLE-VIEW TIME STUDY, :Number.\uC-904'may be Rented- fbr $10.00 
per showing frrfm tite University of Californ.ta, Extension Media Center, Berkeley,. , 
California 94720. . * ' . - , ^ \ 

' The film simultaneously shows six views of an Operator mo^inq steerballs 
^to a rotating index plate (loadlindex plate bimanually). In theT>rsVhalf of 
'the film, each v.iew'is labeled with the worker's ratir\g ranging from 701 to 145^' 
in 15% steps. In tbe se'corid half of -the film, the viewer is to assign ratings . - 
to each pf the views for comparison with the true" values which are furmshedj^i ' 

th^ Instructions. > ; • ' . / « , . 

■ . . ■ . , ■ ' . , ■ - 

"Another film,- TIME sMy RATfTiG, Number UC-§03, itlay be rented for $11. 0»- . 
per sjiowing from the. University of., California- as above. • . 

• . • ■ 

It shows 30 full screen trials of the operation described above, for the 
viewer to rate: »The firs,t scene is a 100% performance. True ratings are • • 
famished in tlxe instructions for comparison and analysis. . . > 

The 1965 series films" on DIRECT, INDIRECT, AND CL&RICAL OPERATIONS were^ 
prepared by fhe Society for the Advancement of Managenjent. There are six fJ-lms 
in the series, each of which may be rented for $5.00 pe-r showing from the, Rehabil 
tation Workshop Administcation, University of San Francisco, 2130 Fulton Street, 
San Francisco, Catifornia 94117. /■ . \. 

These films' show 5- different rated- sp^ds df 18 jobs as follows: -V 
Film 1: Mail Sorting, Manual Typing, -Filtng . ^ 



Film 2: Comptometer. Key Punch, Check Writing 

Film 3: Drill Press. Turret Lathe, Punch Press 

Film. 4: Mechanical Assembly, Engraving, Forjio Rug Cup 

F.i>T» 5: Sweep Floors, Wash Windows,, tjop Floor 

.'V ■ ' . - 

Film 6: Pack Cans, Seal Cartons., Stack Cartons* 

^ / 



> " 5 



,. » « 



# 



TIME STtlDY RATING EXERCISE^ ' . • 

Load Index Plate Bimanually ^ ' / • a^- 

1st ^# 2nd ^ actual * ^3rd actuaV -4th' 



• 2 ■ ■ ^ j^^N / ' ■' •/ ■ 2 

Total • . ; : 6* 

Average . . . . " . . ' ' -7 

■ ■ '• ■ .' ■'■ " 8 

.. ' .10 

Your average mirtus actual average U 

equals your, accuracy . " 



#lst 



13 
14 



2nd . - = y 15 

• - 16' 



3rcl - - = % 



4th . - = % 



17 
18 

19 

20 

22 
23 



24 -_ ^_ 

.25 



26 
27 
28 
29 



30 • • * " 



Total 
Average 
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15B. HOW CAN YOU RELATE ACTDAL TIME Tp NORMAL TIME? 

Actual' oV okerved time ifrom th^ Vime study) is the tijne taken- J?y a. \ ' 
given worker to do a task. nIPF#1 time is the time it will take an average 
warker who' is skiTled in his classification and is familiar with the job to ^ 

•do .the task. ^ , ^ 

• ■ .' ■ 

The actual time taken by such an average workmam, often calVod'a 100% .. 
wker.- is thus the same as the normal'^inie. If. however* the worker is abo.ve 
average, he will complete -the, task in less tiltle. The actual; observed, time- for 
ihis performance must be adjusted upward -to obtain nonnal time or the time ex- 
pec'ted'^pf a 100% worked. Similarly, a below average worker win..t;ake more t^me 
on a.t'ask. His actual ojDserved time needs to be reduced p db|ain normal timfe. 
"* . . ■ ■/ <i ■ ♦ ->-■■ * 

To make "the •a.d jus tment from actual time, to norraa;! time, you: 



1. 

2-. 
3. 



Start with actual time '(oi)servedjt^^^^ minutes dr seconds. 
Mul t i ply ti mes the ra ti r^g i n decimal f orm ^ 
Answer is normal time 'in m.intite*; on^-'""- 



Formula:- 

ACTUAL TIM^ 
(in minutes 
* or seconds,) 

Example: . 



concis 



RATING 



v 



(a decT- 
mal ) 



NORMAL TIME 
( in minutes or 
seconds)' 



^ worker packed a 'bag in U seconds and is rated as working at 2/3- of 
normal or 67%. "The normal t'ime for packing the bag shoi^ld be 8 
seconds.- • 



42 X 



,67 



8 



Exampl e.: 




A worker- i^ turned at 0.3 minutes'while assembling an item and is 
rated as work-ing at llp% of normal. The normal time for assembly 
Should be 0.33 minutes'. ' . ' 



.3 



1.10 = ^.33 



If you ti^iie and rate three or more person^ on a job, you should obtairf a 
reasonably uniform nonnal time from each calculation. A significant variation 
in the calculated normal times would indicate that either the method employed- 
by each' person was differenfand/or the rating assigned, to each was fauU)j. . , 
It -is harder to accurately rate peoplgf who are very, fast or .very slow, so 
be cautious, with persons who fall into these extreme categories. 



16.. 



SHOUkD 5,E C0NSI0E5£D |3hEN »ISING PRE-DETe/mINED TIME SYSTEMS? 



Pre-determinSd time sysfems, such as MTM» PMD, or PMT,/,require. corfsiderable 
skill and relatively long periods of time ta.?;omplete when, ^he job koijk studied > 
is an elaborate one. They are most usef.ul 4s;hen the job involves a large amount^, 
of laijor'on a relatively/simple op.eratipn. I-P the-woVkJ:o be perfo-rmed is rela- ' 
lively complfex, the tim^ required to prepare them and, fienceV the cost can-^quiqkly. 
become prohibitive unless the^production run is long enoiJgh to justify the study. 

■ * * ■ . ^ , ■ ■ ■ V ..* " 

The chief benefit which pre-determined tiftie systems provide is the freedofn 
ijajm'the need to^te' the performance of:Worl<. The time "values- for each pre- 
determined timeoBotiojri have already been noritialized and reflecjt the time for ah- 
average workman to perform such a movement, /this ch0racteristic would make pre- 
dsterjnineA. time systems of value for workshops with severely, handicapped clients 
'whose' T'ate of performance. is considerably, different from tha-t of normal and where» 
as a result, the process of ra-ting them becomes more difficult. • 



Ifpthe work on an item requires a long series X)f operations or steps ^ pre- 
■ determis^ time systems can be of .use in balancing, a. production line where a 
' number of workmen each perform. successive pieces of the total job. With* time 
study, i't is more difficult to time s'ub-elements or. parts of a job. In pre- 
deteniiined time, sub-division comes' haturally'from the tech^ -Thus, the 
^ job can be split into equal portions of work. This, characterisiic: is particularly 
helpful in establishing fair hourly rates of pay for a gr6up or workers ori an 
assembly line. It also can help to equitably distribute^^ejwork^ 
- the woH<ers-4n--onfe^-tO"getnnaxip¥m^ofa^ grqijp'. ' - 



\ 



* - 
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■ * 17. WHAT ALLOWANCES SHOULD t CONSIDERED IN SETTING PERFORMANCE STANDAT^DS? . ^ * 

■ \ ■ ■ 'i ■ f... ■ 

The most coirmcKi types of industrial allowances "are for. personal time, 
fatigue, minor deTays., and" unavoidable delays. • . . . * 

' . '-^.A learning 'f»j:t6r is felt to ba needed inVfiost workshop? to correct for the 
. . frequent short pro'ductidVi runs. ' ^ ' . ^ " 

• Personal allowances pr6vide time for personal nee^-such as going to the 
.restVroom. pausing^or refreshments, or^ social i zing. . . , . 

' \' ..Fatigue allowances are the most difficult tq' determine., Excessive'-physical / 
* ' * fatiteue is disappearing in industry with th§; expanded use oft mjachinery and^bQ- . 
' causJiof unavoidable delays which give the wori<er -some resting time. Under extreme^ 
working conditions, such as in frozen food pi art ts, steel mills? and heavy labor 
vi^rk-y a worker is granted a 50^ allowance which means hejis only expected to work. . 
. . half Df .the .time.. \ ^ , v 

Minor delay all owafces -are sometimes provided for getting personal tools ^ 
ready for use, get-ready time in *he morning, anS clean-up time at night. This 
allowance is best determined by time studying several workers fir a full ^ day s J 
' shift, . • . ■ • 

Unavoidable delay is used to make it possible for a normal worker to rejth 
• inn°/: p prfnymTanrp fnr the entir e, sklfJi..^_.Ihis^jLlli^wancejcave.rs.jd£^^ 

conditions b'eyond the employee's control. Waiting for job assignment, waiting 
for tools, waiting for materials, and waiting for ihspection are typi car examples 
of unavoidable delays.. These delays are managejnent problems, ^ n management s 
responsifcrHsity to be awa^-e .of them and to keep^them to a minimum. ^ 

■ Another time adjustment exists which piost rehabilitation wbrl^hops ignore^ 
f This is a factor based' on the learning curve. It is of particular importances-^. 

to'workshops because inany of the jobs which they perform are MT, the short dura^ ) 
tion type^^'^mraus^ry minimizes the problem by scheduling long sustained pro- 3 
duction rfcns. It thu^ permits Us workers to become .thoroughly skilled in the 
job -they a>e to perform.. This .is seldom done in ,4 workshop. Al though the length 
of time to learn a job will'vaVy with the complexity and. the degree of skill, re- 
quired by it, there is a- uniform pattern in all learning. This pattern is char- 
■■ . acterized by rapid ^improvements at firsi and the^i a gtradually slowing rate of 
improvement over continued time. Sometimes plateaus -occur when improvements are 
- temporarily stymied. These. are then followed by a new increase in skill when-. 
■ masteryrof previous work is secured. ,Such a stair-step pattern of improvement 
and plateau followed fey imprdvement* and another plateau, and, so forl^h, is to be 
expected. Sectfon 18 will de?il with mathematical corrections which c^n be made 
for the learning curve. • . 

17A. HOW MUCH TIME SHOULD' BE .eiVfEN FOR ALLOWAIICES? 

There-are three factors which influence the amount of time which is per- 
. mitted a worker for non-productiye purposes .» . . . • ' 

... * ^ 

' \l The degree of competition experienced by the company in its own field. 

V ■ ' ' - '■ • ■ ■■ " ' ' / 

2. the accuracy or relative tightness* of looseness of t^ standards which 
have been set. 



a; 
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; 3. The tniaquenoy of jpb changes Or the^ler^^^^production runs-. 

In some IncTastries (for 'exampTl 'the -sewing or the^^od processirrg in- 
dustries), competition Is so 'keen and profi t margins so narrow that workers 
aKe expected to and do yroduce^"with^ very 'tight and demanding ti<ne standards. 
Output must be very high and wasted or lost time^held to an absolute minfmum 
for the worker to be abf^to earna full day's 'wage in this type of work'. By 
contrast, there are jobs .(such as in song^of the aero-apace in<iustries and in- 
service occupations) whe^e the employee js* under wnsiderably lass pressure to 
be Droductive -parh mnmpnt n-f hfic wnrL- Haw • . * 



be product! ve^ea-ch moment of jfis work day.. 



i, .^, • . . A-l thou$h most workshops assume 4nd ^r^often.led to b^l^feve by their cus- 
"'^ ' tomers that they faU into the first category,* it -is probably more accurate to • 
. view them as irt an industry where relatively ^oose time standards prevail. This 
is partly because of the njtuf^ of th© .work .M^partly because of the "nuisance" 
or short run dl^aracterTsticfi of the job5^>formed/"in the.'' workshop. Learning, 
time, set up*'and start up time, and supeirv.ition^must be high in this kind. of 
.work whether done by industry or by a work«hop. . • ' - 

- • V .. . . • . ■ 

•. . "* The ^yp^ical 'time ]^l lowed foV . personal a"l lowance*^wi IT raiige , between' 4 ^o 

. ^ _ l(3%.^depeyiding primarijly on the frequency and length 'of co^^fee or rest breakk. 
Coffee breaks Tasting 15 miriptes each would account for almost .7%. of such an 
. % allowance. ■ f . ■ f . ' 

.<f " ■ ■ •■ ■ • ■ ■ 

J . al Towan'Ces~Slmul~d be TeTatTvel v . shbrrTrTr 



-fati giie. al Towan'ces~srro'urd be TeraTTvely .shorf~Tn*7^e]iaFnTta tTon workshopsT " 

Values ranging between 2 to. 6% (betw&en liine and twenty-nine minutes per day) 
should be considered adequate. ' , • r" 

t 

Time for minor delays and 'unavoidabTe delays should reflect the efficiency 
of-making and changing job" assigrtments^f delivering materials. to' the workers, 
and oi^ the maintenance gf equipmerVt >fTgeneral. tihile^ is management's, job «to 
keep thegfe Jielaysvat a minimum," itf is generally true that rlshabilUation work- 
.* shops do a much poorer job of -thirf than does industry in general. For this 
reason, it seems appropriate to use relatively high allowances ,in this category 




fn total, thenV allowances would range from a low of 11% to a high^of'about 
In [Practice, about 15% is a fairly competitive allowance figure with 25% -■ 
/a more reasonable average Tor present workshops*. The exact figure, obviously, 
must be tailored to the ^workshop itself. • , • 

17B. HOW- CAN YOU RELATE NORm TIME-TO STANDARD TIME? 

Normal time represents the amount of time required by a trained, average 
workman to do a given task.^ Standard time takes into account the time required 
'f^r the various allowances.* To compute the standard time, you: . ' \| 

■ ■ . . «. 

^ 1. ■ Start with normal time in minutes and seconds" 

■ • . "■ y . "■ ^ . . 

2. Multiply times th^ allovJaoce in decimal form ., 
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, 3. Add the original normal time • • . . 

' ■ •■ .. ■ ■ ••^^ 

. 4. The answer is standard -time i\i" minutes or seconds 

■ ■ * • ■ 
Formula: * . 



NOI^MAL TIME- ALLOWANCE FACTOR +^ NORMAL TIME =..* STANDARD 

(in minutes • (a decimal) , (in minu1|^ • TIME (in 

or seconds) i / 'or, seconds) minutes o 

\ ' ' - ^ „ . seconds) 



Examgje: 



The calcuTated -normal time for a-iwbrl^er to pack a bag ts 8 seconds.- 
The workshop figures a 25% all o\;<^ce factor/ The st^a/rdard time 
for packing the bag should be 10. seconds.' 

■• ^ ■ ' a; .* , ■ 

v (8 X .25")V:+ ' 8 = 10 ; - . . . . 

•' ' . ' ' ■ ■ ■ ■ 

Example: . - . " 

A worker's normal time for assembly of an item is .33 minutes, f A 
'••15% allowance for pirsonal time* fatimje, and delays is recogn|^d 
by the workshop. - The standard time tP assemble it is .38 minute's. 

(.33 x 15) + .33. = \3i~ s ' 



170. HOW CAN YOU CALCULATE STANDARD HOURS? 

The. standard, hours valueiis the length of time irv hours jjiequired to do 
job or. to produce a product by an average, trainecf worKlnan who is granted . 
necessary allowances. . . ♦ . 

.. ♦ ' ■ " ■ . • 

• Standard hours are -computed by: , ■ ■ ' .. . 

1. Start wi?:h the standard .time in minutes or' seconds.- , . * ■ 

2. Divide by 60 (for standard minutes) or by 3600 (for. standard _ 
.seconds) 

3. *The answer is standard hours 
Formula: * • • 

-U ^ . ' 

STANDARD TSe or STANDARD TIME = .STANDARD HOURS 
^ (in minutes) , (in. seconds) ' ^ 

: * 60 • . 3600/ • ^ 

Example: ' v ■ 

■ A standard t^me of 10 seconds is taletHmed for packing bags. The 
average worker will require .00277 standard hours to do this job. 

• ' = 0;00277" 



3600 
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♦ Examples 




A standard time' of .^8 minutes is calcuT^ted'lfb\as,sembly of'an item. 
An average, 100% WQ^ker will r^ui re VOQ6'3^? is!^ndard hours to do' this 



. . ^ = .0063-- . > . .^^^ 

17D. HOW CAN YOy CALCULATE E)^^CTED OUTPUT PER HOUR? 

Standard t>me valiJIs ean be used to compute aroducti on standardlj^^'f Jt 
is 'done as foll/dws:. * u " 

. ^1. Start with' standard time in- minutes gr seconds Or hours . 

. . . ^ . •■ v:\|^ ■ '^^J A 

-2. Divide into 60 (for minutes) or 3600 (for seconds) to^^t hourly 
output from an average iOO% worker, or ^ ' ^^i-^ „^ 

3v Divide standard hours into 1 (or find, the reciprocal Of the standard 
■ , hours in a math book) J:o get hourly output from an average worker ^ ' 

Formula: . ' ' ^ 



60 ■ 1 UNITS OF OUTPUT 

.^ANOARD -TiME- ( In minutes ) " PER HOUR . 



Or: . ^ ' " - ; ■ ■ ■ '• . / ■<( 

• 60 1 UNITS OF OUTPUT ■ - f 

j STA^dASD tlMr(In seconds)-; PER HOUR " 



1 • 



Or: 

" 1 ^ ■ ^ UNITS, OF OUTPUT 

STANDARD HOURS . " PER HOUR 
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Exiifnple: 

A standard time of 10 seconds or .00277 standard hours is calculated 
for packing bags. The avera^ worker on this job should produce 360 
bags per hour .. ' 

■ « 

3^00 = 360 Also 1 - 360 

-JT - ' .00277 • ■ 



lis % 



100 



Example: 



Assembling an item was calculated to re.qi/i>e a standard time of .38 
minutes of .0633 standard hours. 157 items per hour should be ; . 
assembled by 100% 'workers. , '\ 



60 
.38 



I = 



157 



■ Also 



.1- 
.0063 



157 
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18. WHAT FACTOR SHOULD BE CONSIDERED FOR THE LEARNING CURVE? ^ 



As a person repeats the same tafsk ovenr *and over'again, he .uSuaTTy" takes^V 
progressively less time for each complete work cycle. This" ifroro^einent whighT*' 
comes wit;|i practice is due to the fact that we "train" oujr- m^d^s and braih to 
automatically perforni the manipiilatior^aiid mental matQh^n^^^pequired. by the . c. 
job/ The morelirainiK\g^ provided, theftio.f%putomatic ttp^lprojeess becomes. 



rel ati onshi p e>Jists bfetw^en th^ Yength; 
umber of tijms the task' tias been 
I, hay^be^n derived from thii. 
■ ^h^Xe arnift9-'G^^^ve by, Raymond 



^age. 



to 



It has^ee(J found that a n»thematica 
of time required to perform a task and th^ 
performed. The Quanti ty f^actoips ,on the ne 

learning curve theorem as ^jjir^ib^d in How v^.^^^>..j^,^>>.,. ..^^^ ^ 

Jordan as published by thema.t'^ri als Management XnSMtutefs, BostQp , Mass . The 
Theorem states that bej'onAaBout 16 operations, 'everytii^ the* number of operation? 
performed by a worker doa^les," the new cumulative averajge. time required for the 
operation declines by a 1%ed percent of the/ preyioi^s ^^mulative average time. 
This fixed percentage has ijeen called the learning, cju 
centage will vary in ordinary work from 85% for comp 

simple jobs. * , ' , ■ . ■ 

-..\ . .v^. 



e.-. Tke amounJt of the pen- . 
X jpbs^ 95% for quite ^ 



An illustration of the l^aVnir>g curve fpr an inf-Mlween job, somewhere 
midway between a complex and a^yimple job, J/ot^^ld be 



fellows; 

A job -consi sts of the assembTy^of an ,1ht|fcat| toy train - . 
locomotive involving 47 parts. Some of |he parts^require 
•screwdriver and small wrencl^ fabficatiort'' Others are glued. 
A few are soldered. The 90% learn inlgj6;urve has been, found to. 
be applicable. 



QUANTITY FACTORS 



F6r adjusting from small lot test runs >o' \aif^er' I0t sijjzfU use -with, average 
time per unitor average quantity produced p(er hour)' /, '/ , . > 



\ , 



Lot Size 
(Quantity o f 

'ioOb-15999 
4000-7999 
2Q00-3999 
iOOO-1999 
•Sob-999 
^50-499 
■ lle3-249 V,. 
60-124 
35-59' 
16-2-9 
8-15r 
4-7 . 
2-3 




Complex Jobs* • Average Jobs** / Simple'- Jobs 



\ 



0.9 

1.0 

1.2 

1.3 

1.5 

1.7 

2.0. 

2.3 

2.5 

3.0 

3.5 

4.0 

4.5.. 

5.3 




*Ba'sed on 87% learning curve 
**Ba^ed on 90% learning curve 
***Based on 95% learning curve 




{Where with ^af( 
the-' new cumiii 



ubling of production, 
average time per 



unit declines \tp tt^is perqentage of 
the previous (iumul ale ive average.). 
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40 



V 



.«.v* 



•Fomiu-fas-: .•-.jr • - •<;■ .,/ - (' 

' 1) r^-av^r'a'ye^ time per unit. Is /known.for the un.its.,inr)a -small lot: 




4' 



■~v— . Quanti ty • Factov 
. • *^ i- for -Sftia^Tl .Uot > : - : 
Average Unie/ Unit; ' 



•Qya-ntity P^ctor 
arge ^ tot 
le lifi 




nvc.ay^: ih-:^/ w.. . v ^ . . " ' Alftage T1nie>«Jnit 
:> f6r SifialK^^^ \^ , * .. ffjr" larger Lot, : 



i 



■'zf if average, Jjuantlty^prodiitei p^'hour.1?-'knowr 

" ' ' ' Quantity. Faa'df .' " Ouantitv 

^ f(^r Sinai l i^ot^ ^. f ' 
A vfe rage Q uan ti ty Pro - 
duced/Hour for Larger , 



known for the small lot; 



. QuantlSf^ Factor 
for Larger Lot 



A v^ra-ge; Quantity Pro- 
• duced/Hour for Small 
Lot • . ' 



When a 
person 
assembles 



16 locomoti ves^ 
32 



Total 
Lime 

.F?squireid 
(Minutes) 

1600 



Hi s -avergae. The ratio of .thfe 
cumtjlative. * new c^jmulative avg.. 
time for ea. time compared with 
unit is: ^he previous Ciimu- 
( Minutes) ^^M tive avg. time . 



100 



64 
128 
256 
512- 
1024' 



. 2880 
5184 
^331 
16794 
30208" 
54J?74' 



r 



90 . . 

81 

72.9 

65.6- 

59 , 

53.1 



90% 




These relationships have been summarized .in the following table of factors 
which make it possib-le to: - * - V f 

1. Predict the average ti^e* per item for a 'larger production 

run of a job -when the* average time per i'iem is known from . ^ 

a sample t)r test run. " 

2. EstiQiate the average time per item exjiected to be achieved by a 

' worker on a new job assignment when the' average time -per item is 

known for an experienced worker. , « - ^ 

■ To usefc^ quantity factors table, first select the learning curve 
^ percentage^ which appears to be suitable for the job's complexity.* 
When in doubtf use the 90% learning curve column, . 
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Next, enter the factors from the table in the appropriate fonadla alonq 
with the time value-which^s known. The other, time*value ca^tl|en . 
be calculated by solvif*g the formula- with ordinary algebra. 

Exampl e : . . 

■ ' ■ .' ' ' ri 

In a*sample production run of 30 items, a total of 5 hours, was worked 
by one wdrker. The production supervisor heeds t(^ predict how long 
it will take this worker to make- 500 items. 

Since 30 items-were made in 300 minutes (5 hours » 60 minutes/hr), ^ 
the average time peif" item was 10 minutes. 



'■ti ■ 



■. • • • \ • 

300 total minutes _ in n,,-«/,-+^m * 
• 30 items T ' - 10 Jlin/item 

This is put. into formula #1 as the average time per unit for s-iriail -lot. 



10 minutes 



The small lot of 30 items (the sample run) is in the range of 30^5^ 
on the table, the factoi^ on the line opposite the 30^59 range in the 

averag e job column is 1^9. This is^put Ttvfc a ^e 'form ula as the 

: "quantify factor for small lot." . ^ • . . ' , 



1.9 



10 minutes \. 



The large lot of 500 (the fut<ire production run.) is in the'-500-999 
range. The factor opposite his r^nge in the average, job column is 1.2. 
Putting this in the formula makes it look Itke: ^, ' 



10 minutes 



Solvmg the formula be letting "x" stand for the average cumulative tim 
for each item when a lot of 500 are produced is done by: 



1.9 



1.2 



X minutes 



10 • • 

1.9x = (1.2) (10) ' % • \ ,. ." . 

1.9x = 12 

x = 6. 3 min/item ^ • 

Thu^. the SO'O items will be made with an average time of 6.3 minutes 
per each. The entire^OO items wiTT take 3150 minutfes or 52 hours and 
30 minutes. , 

• : (500 items X 6.3 min. = 3150 min.) * " 



Example: i . 

Experienced workers take and average of 6 minutes per item to do lots 
of 3000 items. ' The item is fairly complex, requiring, considerable 
work skill. How much time should a new worker take when he has com- 
pleted his first 16 items? 32 items? 64 items? ■. 

For the 16 items calculation, using the "cpmplex job" column: 

*r, ■ ■ , ^ 

3.0 _ 1.2- . . 

^ x. minutes ^ 6 minutes " . 

, • 1.2x = (3.0) . (6) • ^ ^ ' 

1.2x 18, , I ■ 

, X = 15 min/it0m . . - . 

For the 32 items: 

■ . - ■ . t 

. 2.6 ^ ' ' 1.2 

X minutes ' ^ • 6 • . . . 

1.2x = 15.6 " ' ^ 

X =13 min/item ; • - , ' • ^ 



For the 64 -items: 

2.3 ' J 1.2 



minutes .6 * ' >, 

, -^V 1.2x.= 13.8 , • . 
' X = 11.5 min/item ■' . , ^ - 
• , . • ■ . ' •• . • _. ' 

-Formula 1^2 which^ can be used with this table.of factors, relates to 
the average number of itelns made per hour by one worker at various 
production rurt ^6t sizes. The formula is used in the same way as 
described in the previous examples except that the average quantity 
of items produced per hour is inserted and solved for rather than 
the ?iverage time per item. , r • ' 

Exam'ple: - . ' 

In a test production run, 2h hours were required to make 100 lairly 
simple items.' How lonci will it take one person to make 500 items? 

total items made " _ n'umbeir of -rfems made, 
•total time required ~ per hour in test run ' 

, - 44fi terns p6r hour * (. 
Using-formula #2: 

"IT' . . 44 . 



19x ^ 54.56 . 
X— 6^ items/hour 

total items to be made 
output per hour ■ . ■ 

5000 _ ^ 

"IT" ~ 



Hours of wbrk 
required 



75.8* hours for. the fDOO lot 



: :A further .use of these learning curve calculations permits you to 
predict the average time required to make on& item when the ave'rage 
; cumulative time, is known. . . 

It is reasonably accurate to, say that the average cumulative time per 
P> item for one lot size range on the tabl^ is the same as the time per 

item for ^ the middle item in the next smaller lot size range. 

" Example: . .. ' ■ 

■»'•■<'• • .■ 

■/ ■ * ' ' ■ * 

Assume that it Jias''beeh calculated that the average cumulative time 
for 500 items is 6.3 minutes per item. Since 500 items is in the 500- 
999 lot size range, the middle item in the next smaller Tot size- range 
•\ (250-499) is 375-. Thus, -the 375th item should take about 6.3 minutes 

-= to b e mad e ", - the sam e as t h e av er age cumulat i v e t^im per item /or the — 

500 items-. It must he recognized that these values are approximations 
- ;-.foc->»:iQugh.,-.corap4ri?on§v..onlj^.::,j • 




« 
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12 



106 
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